¥ 
OF MICHIGAN 


SEP 16 1953 


BLIC HEALTH 
LIBRARY 


AMERICAN 


lndustrial 


Hy gzene 


ASSOCIATION 


Quarterly 


VOLUME 14, NUMBER 3 
SEPTEMBER, 1953 


| 
| 


n= 
x12 
> Festi 

see 3 


Ply No. 9 Gel has been especially developed over a 
period of years to meet the need of protecting your 
employees from dermatitis caused by exposure to high 
solvency, organic chemicals used in industrial finishing. 


This gel is an aqueous dispersion of a plasticized film- 
forming polymer that is insoluble in anhydrous organic 
chemicals. It is transparent—spreads easily and be- 
comes invisible after application. 


Ply No. 9 contains “Milbex,” a special ingredient that 
prevents spotting or corroding of highly finished metals, 
due to acid perspiration or any moisture involved 
in handling. 


Its success in preventing dermatitis caused by high 
solvency, organic chemicals is a proven fact! 


Write for details today! 


THE MILBURN 


proved protection against 


DERMATITIS 


caused by exposure to 


high solvency 
ORGANIC CHEMICALS 


*Ply No. 9 Gel was recently tested on a 
three months basis in a Detroit plant 
using organic solvents. It was definitely 
proven that workers using this gel 
escaped from any form of dermatitis, 
while those not using this formula com- 
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Originally designed by THE ATOMIC 
ENERGY COMMISSION and manu- 
factured for them by THE STAPLEX 
COMPANY, this HIGH VOLUME 
AIR SAMPLER is the ONLY TYPE 
OF ITS KIND. Easily portable... 
capable of collecting large volumes of 
air... sampling for a wide range of 
particulate matter as small as 1/100th 
of a micron in diameter. 


Three different types of filters sup- 
plied. The unit may be operated for 
long periods of time without over- 
heating. 


This HIGH VOLUME AIR SAM- 
PLER has become quite a necessity in 
maintaining modern health standards, 
and many industries and Health De- 
partments are using them for the wide 
and varied practical service they of- 
fer. 


This is the AIR SAMPLER mentioned in 
an article in the June issue of AMA 
ARCHIVES of INDUSTRIAL HY- 
GIENE AND OCCUPATIONAL 
MEDICINE. 
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NOISE IN INDUSTRY 


ARAM GLORIG, M.D., Director 
Audiology and Speech Correction Center 
Walter Reed Army Hospital, Washington, D.C. 


F” PURPOSES of discussion, the ear can be 
conveniently divided into three parts— 
the external, middle, and inner ear. 

The external ear is bounded by the auricle 
externally and the external layer of the 
drumhead internally. It is about 25 mm. 
long and has an S-shaped curve directed in- 
ward, upward, and then backward. In order 
to see the entire canal the auricle must be 
pulled upward and backward. See Fig. 1. 

The external ear serves as a conducting 
channel for sound. The auricle assists in 
localization by its shape and position but 
more so because of the flexibility of the mo- 
tions of the head. When testing the function 
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of the ear it is important to remember that 
the size and shape of the canal and auricle 
will influence the intensity of the stimulus 
at the drum. These influences are the result 
of cavity volume and standing waves, partic- 
ularly when pure tones are used as stimuli. 

The middle ear is bounded externally by 
the inner layer of the drumhead and intern- 
ally by the mucous membrane covering the 


Presented originally at the AIHA Washington-Baltimore 
Section meeting, October 30, 1952 and also at the 23rd 
All-Ohio Safety Congress and Exhibit, April 15, 1953 
at Columbus, Ohio. 


bony wall of the inner ear. Within this cav- 
ity are contained the three tiny ear bones, 
the “hammer, anvil, and stirrup” or medical- 
ly speaking, the malleus, incus, and stapes; 
and two small muscles, the stapedius, which 
is attached to the stirrup or stapes, and the 
tensor tympani which is inserted at the 
hammer or malleus. The middle ear also 
contains three openings—the oval and round 
windows, and the opening to the eustachian 
tube. The oval window is fitted with the 
flattened bony plate of the stapes or stir- 
rup. It is held in place by a fibrous mem- 
brane which surrounds the bony plate and 
acts as a hinge-like structure to allow the 
stapes to move as a trap door. This move- 
ment originating at the drumhead trans- 
mits vibrations to the inner ear. The round 
window is a tiny opening located just below 
and in front of the oval window. It is 
covered by a thin membrane which resem- 
bles the drumhead. The middle ear has three 
main functions: (1) The efficient transmis- 
sion of sound vibrations from air media to 
fluid media. This is accomplished by a re- 
duction in area from drumhead to oval 
window of about 30 to 1 and by the shape 
and attachments of the three small bones. 
(2) Protection for the inner ear. The 
stapedius and tensor tympani muscles act 
as a protective device by reflexly tensing 
the drumhead and ear bones and thereby 
stiffening the system which carries the 
sound vibrations across the middle ear. This 
acts to reduce the shock to the inner ear in 
case of high intensity sounds. (3) To main- 
tain pressure equalization. The eustachian 
tube connects the middle ear with the pos- 
terior nasal cavity and serves to allow air 
to get into the middle ear in order to main- 
tain equal pressure on both sides of the 
drumhead. 
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The inner ear consists of two main parts, 
the semicircular canals, which contain the 
balance mechanism, and the cochlea where- 
in the hearing mechanism is housed. The 
cochlea is a long spiral shaped bony canal 
having two and a half turns. It contains a 
system of membranous canals and the end 
organ of the nerve of hearing. One canal 
travels up the spiral from the oval window 
and then turns to double back and end 
at the round window. The second canal is 
essentially a closed sack situated in cross 
section relation to the double canal as a 
wedge of pie is when a pie is cut into thirds. 
It is this closed sack which contains the 
highly specialized end organ of hearing or 
the organ of Corti. All of these membran- 
ous canals contain fluid making a hydraulic 
system out of the inner ear. Because this is 
so and fluid is incompressible, the two win- 
dows serve to allow fluid movement when 
the stapes or stirrup vibrates in response 
to movements of the drumhead as a result 
of air vibrations in the external canal. Mo- 
tion pictures have been made which ably 
demonstrate that inward movement of the 
stapes produces outward movement of the 
round window membrane. This type of sys- 
tem allows wave forms to travel along the 
fluid of the double canal causing a fluid 
wave in the closed membranous canal, thus 
producing movements in the end organ 
which set up nerve impulses reported to the 
brain for interpretation. 

The ear, its nerve tracts and physiological 
processes are an extremely complex me- 
chanism. The external and middle ears are 
relatively well understood, but the inner 
ear, and especially the organ of Corti, is 
still pretty much a mystery. Recent ad- 
vances in electronic instrument design have 
made it possible to approach the problem 
in a much more satisfactory manner, and 
obtain a great deal more information about 
the function of the inner ear. 

In general, the young human ear can 
distinguish frequencies between 20 and 
20,000 cycles per second. The frequencies 
important for speech intelligibility are con- 
tained between 300 and 3000 cycles per sec- 
ond. The speech area is further divided into 
the vowel and consonant frequencies. The 
vowel frequencies lie between 300 and 1500, 
and the consonant frequencies are within 
1500 and 3000. Therefore, in testing the 
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function of the ear for speech, two word 
lists are used—a so-called “spondee” list 
for the vowels and a “PB or phonetically 
balanced” list for the consonants. These two 
lists test respectively the “speech reception 
threshold” or determine the amount of vol- 
ume needed before speech is heard, and 
“discrimination” or the ability of the ear 
to recognize the speech sounds well enough 
to repeat them. Most pure tone audiometers 
test between 125 and 8000 cycles per sec- 
one at octave steps—i.e., 125-250-500-1000- 
2000-4000-8000. 

Intensity-wise the ear is most sensitive 
at 500, 1000, and 2000, and becomes less 
sensitive as the frequencies are decreased 
below or increased above this area. 

Measurements of hearing are referred 
to “average normal hearing,” the so-called 
zero reference level; and since these meas- 
urements are expressed in terms of “deci- 
bels of hearing loss” zero would mean no 
loss and any increase in output necessary 
to reach threshhold would be a hearing loss 
of so many decibels. See Fig. 2. 

The decibel or “db” is a unit of measure- 
ment related to sound energy. It is based on 
a logarithmic scale to the base 10. This 
means that 20 db has 10 times the energy 
of 10 db, and 100 db would be equal to 
10,000,000,000 (ten billion) times the en- 
ergy of 1 db. 

If the ear were more sensitive one could 
hear the air molecules bumping around in 
the external auditory canal. We know the 
drumhead moves about one tenth the diam- 
eter of a hydrogen molecule when stim- 
ulated at threshold. Is it any wonder that 
this delicate but hardy mechanism may 
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Noise in multi-engine bomber, treated with ab- 
sorbing material. Analysis in octave bands. 


| 


OVERALL NOISE 


NOISE LEVEL - DECIBELS 
T 


OCTAVE FREQUENCY BANDS 


Fig. 4. 


suffer injury when exposed to many billion 
times this amount of energy for any length 
of time? 


Noise 
WE HAVE DISCUSSED the ear briefly; now 
let us consider the problem of the 
“noise.” First, how is noise defined? Simply, 
it is “any unwanted sound.” For example, 
the last speaker on a long program; the 
yowl of cats at midnight; a cough during a 
concert or play; and any one of a dozen 
other examples. 

Noise, like any other sound, is measured 
in two dimensions—intensity and fre- 
quency. The unit of intensity is the decibel, 
but in this case is referred to a different 
reference level than average normal hear- 
ing. Sound intensity produces pressure; 
therefore a reference of 0.0002 dynes per 
square centimeter is the point at which the 
decibel scale begins when the intensity of 
sound is measured. The unit for measuring 
frequency is the cycle; however, noise is 
such a complex sound it is usually measured 
frequency-wise in “octave bands,” that is: 
75-150, 150-300, 300-600 cycles per second, 
etc. See Figs. 3 and 4. 

The decibel meter, or sound level meter, 
is the instrument used to measure intensity. 
It is a microphone with an amplifying unit 
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and a meter based on the decibel scale. The 
db meter is adequate for noises of a more 
or less constant level and where the over-all 
noise level only is desired; however, for 
intermittent noises such as a punch press, 
a drop forge hammer, or a machine gun, 
the meter type instrument will measure 
only an average of the peaks that occur be- 
cause of the inertia or latency of the meter. 
A specially calibrated oscilloscope is neces- 
sary for this type of measurement. 

For octave band analysis work, the sound 
level meter or the oscilloscope is attached 
to a series of filters. This allows for check- 
ing the octaves at which most of the energy 
is concentrated. 

Whenever noise measurements are con- 
sidered, these two dimensions are manda- 
tory. 

Industrial noises of importance vary in 
intensity from 90-130 db (Fig. 5). Jet en- 
gines measure as high as 150 db (Fig. 6). 
Sound pressures as high as 180 db are found 
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with gun explosions. Gunfire sounds are 
instantaneous and are probably more dam- 
aging than continuous sounds of a lot less 
intensity. The rise and fall time is less than 
2-3 milliseconds. Little is known about the 
details of the effect of single peaks on the 
ear, but observation has demonstrated 
many hearing losses due to gunfire, particu- 
larly from small arms. 

With increase in speed and power there 
is always an increase of noise. With the 
limits of speed and power nowhere in 
sight as yet, it appears that the human 
organism may be the limiting factor in 
man’s attempt to mechanize himself. 


Bio-acoustic Effects of Noise 
AVING LEARNED something of the anat- 
omy and physiology of the ear, and the 
definition and dimensions of noise, we are 
ready to discuss some of the effects of noise 
on the human, with particular reference to 
the ear. : 

Much has been said and written concern- 
ing the effect of noise’ on the behavior of 
man. Some of these effects include nervous- 
ness, fatigue, inefficiency, sterility, and 
even death. In no case, however, is there 
any evidence to support any of these claims. 
As a matter of fact, the present evidence 
refutes this, except in the case of extremely 
loud noises such as are produced by after- 
burning jet engines. 

The two important effects that can be 
supported with overwhelming evidence are 
interference with communication and the 
production of a hearing loss. 

One merely needs to try to talk to his 
fellow worker in the presence of more than 
90 db of noise to know the effect produced 
on communication. This phenomenon has 
been quite thoroughly studied and one can 
predict what the intelligibility of speech 
will be in the presence of specified amounts 
of noise. 

Demonstrating the effect on hearing is 
readily shown by the production of a so- 
called “temporary threshold shift’ of hear- 
ing. After exposing the ear to sounds above 
110 db or so for a few minutes, audiometry 
will show a temporary hearing loss and 
after sufficient exposure time this tempor- 
ary loss becomes permanent. See Figs. 7 
and 8. It is certain that hearing loss is pro- 
duced by noise, but there are many ques- 
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The course of recovery from one-half hour ex- 
posure to 110 db of noise from a plane without 
acoustic treatment. 
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Fig. 8. 
Hearing loss caused by long exposures to 115 
db of noise simulating a bomber without acoustic 
treatment. With long exposures the effect 
spreads to the lower frequencies. 


tions concerning this left unanswered at 
present. Some of these are: 

1. How much noise is necessary? 

2. What frequencies are most important? 

3. What is the effect of individual sus- 
ceptibility on the over-all problem? 

4. How can we predetermine who is more 
susceptible? 

5. How much exposure time is necessary? 

6. When can the hearing loss be said to 
be permanent? 

7. Is such a hearing loss progressive 
after removal from the noisy environment? 

These are just a few of the multitude of 
questions to be answered by future re- 
search under controlled field conditions. 
This cannot be done, however, without the 
cooperation of industry over a period of not 
less than three to five years. Such ques- 
tions can only be partly answered in the 
laboratory. 
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Hearing Conservation 


ONLY WHEN all these questions and many 
others are answered can industry set up 
properly controlled hearing conservation 
programs. Until these answers are obtained 
industry must proceed along these lines: 

1. All routine preplacement physical ex- 
aminations must include air conduction 
threshold audiometry. 

2. All individuals working in noisy areas 
suspected of having produced a hearing 
loss, whether temporary or permanent, 
should be followed with hearing checks 
every 6-12 months. 

3. All suspected areas should be studied 
for possible noise reduction procedures. 

4. Educational programs regarding ear 
protectors must be instituted. 

Preplacement audiograms are necessary 
to protect both the employer and the em- 
ployee. They establish the individual hear- 
ing baseline for future reference purposes 
—for example, to follow changes in hearing 
produced by the environment, and to estab- 
lish any preplacement hearing loss. Incom- 
plete surveys have shown that about 25% 
of applicants have a significant hearing loss. 

Reduction of noise at the source should 
be attempted in all noisy areas. Such re- 
duction can be done by enclosures, sound 
treating with absorbing material, or changes 
in machine design or mounting or both. 

Ear protectors are a must in noisy areas. 
There are several presently available which 
are adequate for ordinary industrial noises. 
It should be the business of every hygienist 
and safety engineer to propagandize the 
use of ear protectors. The best ear protector 
is the one that is worn. Further research 
will probably produce more effective and 
more comfortable ear plugs. In the mean- 
time every effort should be made to con- 
serve hearing by example, education, and 
regulation. Many are against ear plugs be- 
cause, they claim, when ear plugs are worn 
communication by spoken voice is impos- 
sible and warning signals are not heard. 
This assumption is fallacious. As a matter 
of fact, communication in noise is improved 
when ear plugs are worn. This is easy to 
demonstrate. Merely put your fingers in 
your ears while conversing in a noisy area; 
you will immediately notice that conversa- 
tion can be heard much more easily. The 
same is true of warning signals. 
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Type of Hearing Loss 


NOISE induced hearing loss is an irreversi- 

ble nerve type loss. No known therapy 
will reverse the process. Such individuals 
have only auditory rehabilitation to turn to. 
Even this is difficult because the loss pro- 
duced does not.lend itself well to the use of 
a hearing aid, although with training and 


experience good results may eventually be 
obtained. 


Implications 


Two IMPORTANT implications are evident 

at the moment. Compensation laws must 
be rewritten specifically for disability due 
to a hearing loss. This is not easy, although 
a combined committee of the Subcommittee 
on Noise in Industry of the Committee on 
Conservation of Hearing of the American 
Academy of Ophthalmology and Otolaryn- 
gology, and the Committee on Audiometers 
and Hearing Aids of the Council on Physi- 
cal Medicine and Rehabilitation of the 
American Medical Association after two 
years’ work is nearly ready to publish a 
document setting forth the principles upon 
which a rating schedule may be based. The 
rating scale itself has been set up but will 
not be ready for release until validation is 
complete—the percent disability is calcu- 
lated upon the results obtained by testing 
for the speech reception threshold, and the 
percent discrimination for speech. This does 
not imply that pure tone testing is no long- 
er necessary, only that a method of testing 
by speech has been added. A great deal of 
research has definitely shown that pure tone 
testing will quite accurately predict the 
speech reception threshold, but in terms of 
medico-legal validation it is much simpler 
to test directly with speech and not trans- 
pose from pure tone calculations. 

The author, in cooperation with the 
Claims Division of the Veterans Adminis- 
tration, has formulated and put into opera- 
tion a rating schedule based upon pure tone 
and speech tests. Either or both can be used 
when necessary but speech testing is the 
accepted method. 

The medical profession hopes legislative 
bodies and the courts will accept these 
principles as the consensus of the experts 
and proceed to write compensation laws 
and rating schedules around them. 

The second implication, probably more 
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properly called a complication, is “maling- 
ering.” One writer has aptly called this 
“volitional deafness.” At present malinger- 
ing is very rare in industry where hearing 
losses are concerned but like all other “func- 
tional” disabilities, when compensation laws 
provide the added motivation ‘volitional 
deafness” will increase considerably. 

Presently all routine standard hearing 
tests are based on subjective responses, 
which means the results can be eolored by 
the intents of the subject. The accuracy of 
the results where malingering is attempted 
depends upon who is more clever, the tester 
or the testee. Because the problem of “‘voli- 
tional deafness” is considerable in the 
Armed Forces, a great deal of time has been 
and will be spent on the subject of “‘objec- 
tive” hearing tests. The Audiology Service 
in conjunction with the Department of 
Neurophysiology at the Walter Reed Army 
Medical Center has just started an experi- 
mental review of objective methods in order 
to simplify the problem of discovering 
malingering. It is expected that a simple 
method of objective testing will be evolved 
in six to 12 months. 


Equipment and Test Environment 
[NSTRUMENTS for measuring hearing may 
be divided into pure tone and speech 
audiometers. The pure tone instruments are 
called screening and diagnostic audiometers. 
Speech audiometers are just becoming avail- 
able and at present are based on disc re- 
cordings or monitored so-called “‘live voice.” 

There are several makes of sound level 
meters and sound analyzers that are stand- 
ardized by the American Standards Asso- 
ciation. 

Prices on these types of equipment vary 
between $300.00 and $1,000.00. 

All hearing tests should be done in a 
quiet room. It is recommended that no more 
than 50 db of ambient noise be allowed in 
the room. Accomplishing this is sometimes 
difficult because of the location. A simple 
procedure is to locate an area where the 
ambient noise is low and yet relatively easi- 
ly accessible. This should be away from 
elevators, water or steam pipes, outside 
walls where traffic noises abound, and noisy 
corridors. When a suitable location is found 
a double room about 8 x 8 x 7.6 high (in- 
side measurements) should be built. As far 
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Fig. 9. 
Diagram of a testing booth. 

as possible this should be a cubicle within a 
cubicle with no connections between the 
walls and as few supports between floors as 
possible. These should be rubber or felt 
blocks similar to hockey pucks or felt en- 
gine mounts (Fig. 9). 


Activities in the Field 
‘THE SUBCOMMITTEE on Noise in Industry 
of the Committee on Conservation or 
hearing of the American Academy of Opn- 
thalmology and Otolaryngology has been 
active since 1946. In 1949 this subcommittee 
hired a field representative to study tne 
problem in the field and laboratory. Since 
then a great deal of groundwork has been 
laid and access to industry (at first diffi- 
cult) is becoming easier. 

Recently the Armed Forces and the Na- 
tional Research Council combined to form 
a committee on Hearing and Bio-acoustics. 
This committee will guide the Armed 
Forces in the many ramifications concern- 
ing noise. 

The American Standards Association, 
sponsored by the Acoustical Society of 
America, has a committee called Z-24-X-2, 
or the Committee on Bio and Psycho- 
acoustics. This group is attempting to set 
up standards to control the noise problem 
in an over-all manner. 

It is obvious that with these three com- 
mittees the field of noise is well covered 
and a complete and speedy solution is in- 
evitable. 
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Summary 


1 THE ANATOMY and physiology of the ear 
* in relation to noise are presented briefly. 
2. Noise is defined as any unwanted sound 
and should always be measured in two 
dimensions—intensity and frequency. 

3. The known effects of noise are in the 
main confined to those on communication 
and damage to the hearing mechanism. 

4. Hearing conservation should be the 
guiding principle of the industrial physi- 
cian, hygienist, and safety engineer where 
excessive noise is concerned. 

5. The hearing loss produced by noise is 
an irreversible nerve type loss. 

6. The two important implications of this 
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the American Standards Association have 
organized very able and active committees 
to study their respective problems with 
noise. 

[Note: All illustrations reproduced here 
were prepared by the Armed Forces Institute 
of Pathology.] 
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4. Guides for Industry. Obtainable from Howarp P. 
House, M.D., Chairman, Subcommittee on Noise in In- 
dustry of the Committee on Conservation of Hearing of 
the American Academy of Ophthalmology and Otolaryn- 
gology, 1136 W. Sixth Street, Los Angeles, California. 


problem presently evident are medico-legal 
and malingering. 
7. There is adequate equipment easily 
available for measuring hearing and noise. 
8. The American Academy of Ophthal- 
mology and Otolaryngology, the Armed 
Forces and National Research Council, and 
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66 UTDOOR NOISE” will be the topic of the Fourth Annual National Noise Abatement 

O Symposium to be held October 23 and 24, in Chicago. Papers on traffic, vehicle, 
and other city noises and on urban and industrial planning for less noise are being con- 
sidered for presentation. Recent information on industrial noise also is being considered. 
Co-sponsors of the symposium are: National Noise Abatement Council, Acoustical 
Materials Association, Acoustical Society of America, AMERICAN INDUSTRIAL HYGIENE 
ASSOCIATION, American Society of Safety Engineers, American Institute of Architects, 
Council on Industrial Health of the American Medical Association, American Society of 
Planning Officials, and Armour Research Foundation of Illinois Institute of Technology. 

GEORGE L. BONVALLET, Associate Physicist at Armour Research Foundation, will be 
the program chairman. He will initiate the two day proceedings with “Outdoor Noise— 
What Is It?”” UNO INGARD, Acoustics Department, Massachusetts Institute of Technology, 
Cambridge, Massachusetts, will speak on the “Physics of Outdoor Noise.” DENNIS 
O’HARROW, Associate Director, American Society of Planning Officials, Chicago, 
will present “City Planning for Reduced Noise.” The luncheon speaker, C. A. ARMOUR, 
Vice-Mayor, Commissioner of Police and Fire, Memphis, Tennessee, has chosen “Noise 
Abatement, Memphis Style” as his speech topic. 

The program for the afternoon is as follows: H. WAYNE RUDMOSE, Technical Counsel, 
American Standards Association, Cambridge, Massachusetts, “The Relation of Hearing 
Losses to Noise Exposure in Industry’; HARRY A. NELSON, Director, Workmen’s Com- 
pensation, Industrial Commission, Madison, Wisconsin, “Recent Noise Hazard Legisla- 
tion and Its Implications’; WALTER F. SCHOLZ, Supervisor, Industrial Hygiene, Allis 
Chalmers Manufacturing Company, Milwaukee, “Combatting the Effects of Noise.” 

On Saturday, October 24, A. P. FUGILL, Detroit-Edison Company, will discuss “Noise 
Problems of Large Industrial Plants”; H. H. HUBBARD, National Advisory Committee 
for Aeronautics, Langley Field, Virginia, “Airplane and Airport Noise’; LEWIS C. 
KIBBEE, American Trucking Associations, Washington, D.C., “We Can Reduce Truck 
Noise.” The symposium will be closed with the luncheon talk, “Noise and Culture,” by 
Vv. 0. KNUDSEN, Dean, Graduate Division, University of California, Los Angeles. 


INVESTIGATION OF THE USES OF 


Ultrasound in Experimental Medicine 


HE DUAL—diagnostic and therapeutic— 

use of ultrasound in medicine has 
aroused considerable interest during the 
past few years. Many papers, too numerous 
to mention separately in this report, have 
appeared. A few reviews! containing ex- 
cellent references are recommended to any- 
one interested in a thorough study of the 
biologic effects and applications of ultra- 
sound. This paper reports the results of in- 
vestigations concerning the possible thera- 
peutic uses of ultrasound. 


General Background 


ERHAPS the pain experienced by those 

working in ultrasonic fields was the first 
biologic effect observed. Langevin and Wood 
noted this, in 1917, when they were develop- 
ing ultrasonic generators for use in under- 
water communication. Wood® stated, “If 
the hand was held in the water near the 
plate, an almost insupportable pain was felt 
which gave one the impression that the 
bones were being heated. This I thought 
was probably due to the fact that the waves 
were reflected by the bones, and that the 
very sensitive nerves of the periosteum 
were aroused by the process of arresting 
the radiation.” Wood also reported that 
small fish were killed when they swam into 
the ultrasonic beam. 

No doubt everyone who works with ultra- 
sound has experienced this characteristic 
pain. The electronic engineer may make use 
of this pain-producing effect to determine 
whether or not a piezoelectric crystal is 
vibrating. If the thumbnail is pressed gent- 
ly against the crystal at various angles be- 
tween the thumbnail and the crystal, the 
pain will be felt as soon as the optimal 
angle is attained, if the crystal is vibrating. 


This paper describes the results of a series of investi- 
gations with various colleagues. The separate studies, 
with the authors, are listed among the references. 


J. F. HERRICK, Ph.D., Section on Biophysics 
Mayo Clinic, Rochester, Minnesota 


Certain therapeutists rely on this char- 
acteristic pain for a determination of the 
upper limits of permissible outputs of ultra- 
sonic generators. They warn the physician 
that the output control must be turned 
down immediately when a patient experi- 
ences the onset of pain in the surface of the 
bone. Whenever ultrasound is applied to 
hands, arms and legs, a pain may be felt at 
a point below the surface of the skin; as just 
indicated, this pain presumably is at the 
periosteum covering the bone. Measure- 
ments of thresholds of pain have been made 
by Hueter and associates*® at the Massa- 
chusetts Institute of Technology. They re- 
ported that pain was felt in two seconds 
when the intensity was seven watts per 
square centimeter, whereas 60. seconds 
elapsed before pain was felt when the in- 
tensity was 1.7 watts. The frequency used 
in these measurements was 0.8 megacycle 
per second and the palm of the hand served 
as the test object. 

Wood and Loomis!® working in this coun- 
try, made the first systematic investiga- 
tions of the biologic effects of ultrasound; 
their results were published in 1927. Many 
studies on the biologic effects of ultrasound 
have been made in the United States and 
abroad during the succeeding years. The 
results of some of this work are confusing 
and contradictory because the exact condi- 
tions of the experimental procedures are 
not clearly defined or understood. 

So far as I know, American scientists in- 
terested in ultrasound have not suggested 
its use for therapy. The earliest suggestions 
appear in the German literature in the years 
1932 and 1933. Even today, the average 
physician in the United States is not en- 
thusiastic about this relatively new thera- 
peutic agent. This attitude deserves com- 
mendation in my opinion because ultrasono- 
therapy is in an unsatisfactory state at 
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present. This situation is to be expected 
when the application of a therapeutic agent 
gets ahead of itself, that is, when any agent 
is applied before an attempt has been made 
to learn its limitations and contraindica- 
tions by means of experimental investiga- 
tions. Objective measurements of the vari- 
ous effects produced by the proposed thera- 
peutic agent should be made when possible. 

The therapeutic value of ultrasound re- 
mains questionable in spite of several years 
of intensive study. This may be owing, in 
part, to the fundamental problems that 
exist in the pure science of ultrasonics, such 
as problems in propagation and generation 
of waves and in measurements, especially 
measurements in conditions of fine-scale 
nonuniformity. To produce a uniform field 
over a working area is a big problem— 
it is most difficult to obtain specified 
field conditions. A completely adequate 
theory for the propagation of waves has 
not been developed. Waves of large ampli- 
tude are not propagated without distortion. 
Energy passes from the fundamental to 
higher harmonics. Transformation from 
compressional waves to transverse shear 
waves may occur at interfaces. These shear 
waves, which travel along the interface, 
are attenuated rapidly, thereby producing 
considerable heat. Living organisms present 
a multitude of interfaces, so the problem 
of propagation of waves in living tissues 
presents added complications. 

Review of the state of affairs in the pure 
science of ultrasonics allows full apprecia- 
tion of the situation that confronts any in- 
vestigator who attempts to understand the 
applied science of ultrasonics. Perhaps the 
urgency for the solution of certain prob- 
lems in the applied science may result in 
some contributions to the pure science. 


Specific Studies 


ONE RELIABLE method for the investiga- 
tion of certain therapeutic possibilities 

of a new physical agent is to study the 
effects of this agent on suitable animals; 
techniques recommended for therapy can 
be studied and certain pathologic condi- 
tions that occur in man can be simulated. 
Investigations at the Mayo Clinic began 
in 1947, with a study of the effect of ultra- 
sonic energy on malignant tumors. No other 
application of ultrasonics to medicine has 
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had so much publicity. Several types of 
malignant neoplasms, both transmissible 
and spontaneous, are available in animals. 
My colleagues and I have failed to inhibit 
the growth of such tumors by use of ultra- 
sound.1!:12 The malignant tissue could be 
destroyed by burning it with ultrasonic en- 
ergy, but neighboring normal tissue was 
injured as well. That part of the tumor 
which was not burned continued to grow. 
An agent must act selectively on malignant 
tissue, with differential action on normal 
tissue, to be of intrinsic value in therapy. 
The first International Congress on Ultra- 
sound held at Erlangen, in 1949, advised 
against the use of ultrasound for treatment 
of malignant tumors. 

This failure to confirm the early reports 
of cure of cancer by ultrasound was most 
disappointing. However, these experiments 
convinced my associates and me that ultra- 
sound was potentially a dangerous agent. 
Animals could be paralyzed when their 
spinal cords were exposed to ultrasonic 
power. Some small animals died during ir- 
radiation or shortly afterwards. Bones could 
be fractured; these fractures usually oc- 
curred nine days to a month after exposure. 

THERMAL EFFECTS: Perhaps the most in- 
teresting effect observed during these pre- 
liminary studies on experimental animals 
and one which might prove of value in ther- 
apy was the fact that ultrasound is an ex- 
cellent source of heat. Considerable time 
has been devoted since these earliest experi- 
ments to a study of these heating effects. 
Several enthusiastic therapeutists using 
ultrasound did not appear to recognize that 
this heating effect was the major one. They 
were aware of this effect but they con- 
sidered that this particular type of heat was 
of secondary importance in therapy. It was 
generally assumed at first that the mechan- 
ical effects of ultrasound were the major 
and important ones. The heating effect of 
ultrasound in living tissues can be ap- 
preciated as soon as it is measured. Deter- 
minations of temperature in various tissues 
indicate clearly that nerves and bones are 
heated selectively by ultrasound. 

Perhaps the most convincing evidence for 
this selective heating of nerve is found in 
microscopic examination of portions of 
muscle removed from animals after ex- 
posure to ultrasound. The muscle itself ap- 
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pears normal but the nerve is “cooked.” 
The pathologist has observed repeatedly 
that small nerves, when present in muscle, 
may be damaged after exposure to ultra- 
sound but the muscle remains uninjured, 
providing exposure intensity isn’t too high. 
Therapeutists using ultrasound recom- 
mend it highly in the treatment of condi- 
tions involving diseased nerves. They par- 
ticularly recommend use of ultrasound for 
so-called sciatica. My co-workers and I 
have studied the effect of ultrasound on 
nerves. After exposure to ultrasound, the 
nerve may lose its ability to conduct im- 
pulses.?* The question then naturally arises: 
Can this effect of ultrasound be used ad- 
vantageously in therapy? The idea, obvi- 
ously, is to try to render nerves nonconduct- 
ing, that is, to block the nerves. This effect 
must be reversible to be of value in therapy. 
We found that when a nerve was exposed to 
ultrasound, its temperature was increased; 
the temperature of a given segment of 
nerve could be increased to any desired 
value. At given critical temperatures, the 
action potential of the nerve impulse could 
be reduced. If the temperature was _ in- 
creased slightly higher than this critical 
point, the amplitude of the action potential 
became zero and a permanent bleck of the 
nerve occurred. It was concluded from these 
experiments that the margin of safety he- 
tween reversible and irreversible blocking 
of nerves is so narrow that the use of ultra- 
sound for this purpose does not appear to 
be feasible unless further investigations 
result in better techniques for the preven- 
tion of permanent damage to the nerve. If 
the nerve was heated directly, the sume 
effect could be produced more conveniently. 
We failed to see any significant difference 
between heating the sciatic nerve directly 
and exposing it to ultrasound. Unfortunate- 
ly, neither heat nor ultrasound, as used ex- 
perimentally, can be recommended for ther- 
apeutic use in the blocking of nerves. 
The analgesic properties of ultrasound 
have been given considerable publicity by 
those using it in therapy. Experimental 
evidence for the production of analgesia 
may be obtained by observing the relative 
effects of ultrasound on nerve fibers, both 
sensory and motor. Each type of nerve fiber 
has a characteristic contour in the action 
potential yecorded on the _ oscilloscope. 
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Studies at the clinic presented no evidence 
for, or explanation of, the analgesic effect 
of either heat or ultrasound.'4 At the tem- 
perature at which the contour of the ‘pain- 
carrying fibers was declining, the ampli- 
tude of the potential of the motor fibers 
was already decreasing.!® Motor paralysis 
could therefore be expected to occur at 
temperatures that were capable of altering 
the conduction of some of the pain-carrying 
fibers. The analgesic property might have 
been explained if a great decrease had been 
observed in the amplitude of the pain- 
carrying fibers at a distinctly lower tem- 
perature than that which altered the con- 
duction of the motor fibers. 

It is most important to emphasize, how- 
ever, that the results of these particular 
experiments, which were made on the iso- 
lated sciatic nerves of bullfrogs, may be 
quite different from those obtained on mam- 
malian nerves. The intact sciatic nerve of 
the dog was studied but observations on 
differential effects on the various fibers 
were not made. The possibility must be 
recognized that an injured or diseased 
nerve may behave in an entirely different 
manner from the normal nerves that were 
studied. Thus, further investigations are 
required before a satisfactory explanation 
can be made for the analgesic property of 
ultrasound described by therapeutists. 

The heating of bone by ultrasound is 
spectacular.!*.'5 No other heating agent 
used in therapy can increase the tempera- 
ture of bone to such high levels so quickly. 
The question that my associates and I have 
been attempting to answer is: Do we want 
to heat bone? The results of our studies 
thus far do not permit an answer to this 
question. The major factor that prompts 
extreme caution in the use of ultrasound at 
the clinic has been the possible damage to 
bones owing to the high temperatures de- 
veloped by this agent. 

A microscopic study of histologic pre- 
parations of bone after exposure to ultra- 
sound has revealed osteogenesis, or forma- 
tion of new bone.'? Roentgenograms also 
demonstrated the formation of new bone. 
The first reaction to this observation was: 
Now we have something—a use for ultra- 
sound that is of real value in therapy; this 
is something that we may learn to use ad- 
vantageously and perhaps apply in the heal- 
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ing of bony defects and fractures. The prob- 
lem is being studied at the present time. 
Bony defects are produced in both femurs 
of the dog. The defect in one femur is ex- 
posed to ultrasound, whereas the defect in 
the contralateral femur serves as the con- 
trol. Although this investigation will not 
be completed for several months, it has been 
observed that the larger doses prevent the 
healing processes. The defect in the femur 
that is not exposed to ultrasound appears 
to heal more quickly. Obviously we have not 
yet learned the proper technique for form- 
ing new bone where it is desired. 

Another problem being studied at pres- 
ent at the clinic is the effect of ultrasound 
on tumors of bone. My associates and I 
have demonstrated repeatedly that certain 
intensities of ultrasound inhibit the growth 
of bone’s; therefore it would be expected 
that ultrasound should inhibit the growth 
of tumors of bone. The first step in this in- 
vestigation is the production of experi- 
mental tumors. It was learned from the 
literature that certain compounds of beryl- 
lium cause tumors in the bones of rabbits.!9 
We have successfully reproduced the tech- 
nique described for the production of these 
tumors and are just beginning to study the 
effect of ultrasound on them. 

NON-THERMAL EFFECTS: Unlike other 
sources available for therapeutic heating, 
ultrasound also produces non-thermal phe- 
nomena; among these are (1) increased 
permeation of ions through membranes by 
stirring effects, (2) resonance effects, (3) 
chemical effects and (4) cavitation. Heat 
may accompany, modify or follow some of 
these consequences. 

Cavitation includes certain phenomena 
that occur in the medium propagating the 
sound wave. Obviously the word means for- 
mation of a cavity. However, a simple defini- 
tion of this phenomenon is difficult, because 
different types of cavitation may occur. 
Some authorities distinguish the types as 
gaseous and vaporous. Others classify these 
phenomena as pseudocavitation and true 
cavitation. The classic work on the theoretic 
aspects of cavitation was done by Ray- 
leigh.2° Excellent papers on this aspect by 
other scientists also appeared in the litera- 
ture.?!.22 Some authors stated that the phe- 
nomena occurring during certain types of 
cavitation defy theoretic analysis and that 
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the mathematics for such analysis has not 
been developed as yet. 

Since my colleagues and I are fundamen- 
tally experimentalists and not experts in 
theoretical physics, we attempted to look 
for evidences of the phenomena of cavita- 
tion in biologic systems after ultrasonic 
irradiation. Certain well-known authorities 
in ultrasonics have stated that cavitations 
do not occur in biologic systems when the 
conditions recommended for therapy obtain. 
We observed burns in the intestine during 
a study of the effect of ultrasound on the 
Walker rat carcinoma. This was to be ex- 
pected at tissue-air interfaces, where al- 
most 100% reflection of the energy takes 
place. In addition, petechial hemorrhages 
were observed in the intestines. When Dr. 
Lehmann came to the laboratories of the 
clinic in January, 1952, he continued a 
study of these petechial hemorrhages that 
had been started in Germany. Microscopic 
examination of these extremely minute 
hemorrhages revealed evidences of cavita- 
tion in the nature of localized rupture in 
walls of blood vessels. These hemorrhages 
could be prevented by irradiation of the 
animal while it was subjected to high pres- 
sures. The hemorrhages could be produced 
more readily with low than with high fre- 
quencies. These investigations indicate that 
such petechial hemorrhages are caused by 
cavitation ;2* further evidences of cavita- 
tion occurring in tissues are being sought. 


Comment 

HE ATTITUDE of therapeutists using ultra- 

sound has changed from the assumption 
that the therapeutic value of ultrasound 
depended primarily on its mechanical effects 
to an acceptance of the fact that the major 
role of ultrasonic energy in therapy is its 
heating effect. Since the effect of ultrasound 
on tissue is primarily thermal, the reason 
for its use in therapy may be questioned 
because other excellent types of heating 
agents are available. Ultrasound must ac- 
romplish a unique type of heating to gain 
admission to the armamentarium of the 
therapeutist. This requirement leads to a 
brief consideration of how ultrasound dif- 
fers from other heating agents. 

As mentioned previously, no other heat- 
ing agent used in therapy can increase the 
temperature of bone to such high levels so 


e 


172 


quickly. This unique heating of bone by 
ultrasound is caused by the difference 
in acoustic impedances between muscle and 
bone. The specific acoustic impedance of 


bone is of the order of magnitude of 4.2 .. 


10° gm./cm.?/sec. The specific acoustic 
impedance of muscle is approximately the 
same as that of water, namely 1.5 - 105 gm./ 
em.?/sec. Such a mismatch of impedances 
gives rise to the phenomenon sometimes de- 
scribed as “structural” heating, which oc- 
curs at abrupt interfaces. In structural 
heating, considerable energy becomes dis- 
sipated in the form of heat because the 
ultrasonic energy is lost through scatter- 
ing, through multiple reflections and, under 
certain conditions, by the generation of 
highly damped shear waves. 

Another great mismatch of impedance 
occurs in the living animal at a tissue-air 
interface; such interfaces may be encoun- 
tered when ultrasenic energy is propagated 
through the wall of the intestine or when- 
ever ultrasonic energy emerges from the 
tissues into the atmosphere (points of exit 
at body surfaces and also in the lungs). 
The specific acoustic impedance of air is 
40 gm./cm.?/sec., whereas the _ specific 
acoustic impedance of tissue is approxi- 
mately 1.5 - 105 gm./cm.?/sec. About 
99.9% of ultrasonic energy is reflected back 
into the tissues at a tissue-air interface. 
Such a situation produces severe burns. 

Schwan and Carstensen?‘ stated, ‘This 
localized heating at interfaces, characteris- 
tic of ultrasonic diathermy, has no parallel 
in other forms of energy therapy such as 
electromagnetic diathermy or pure conduc- 
tion heating.” The unique type of heating 
just described may be a potential hazard 
until therapeutists learn to use it properly 
and advantageously. Nevertheless, ultra- 
sound stands alone as a method for heating 
interfaces and, as already stated, the living 
body is a maze of interfaces. 
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FLUORINE EXPOSURE 


during low-hydrogen welding 


JOHN J. FERRY, Gordon D. Ginther Works Hospital 
General Electric Company, Schenectady, New York 


HE COMPARATIVELY recent introduction 

of the low-hydrogen coated electrode has 
introduced the potential hazard of fluoride 
inhalation during metal are welding on 
mild steel. While fluorides have been used 
in the coatings of stainless steel and other 
high alloy electrodes for years, these elec- 
trodes have never found the large-scale, 
general usage that may be expected for the 
low-hydrogen coated electrode. Thrysin, et 
al.,! have reported the growth in the use of 
this electrode in Sweden. The same growth 
may be expected here. 

In anticipation of the increased use of 
this electrode, a series of tests have been 
conducted, in the laboratory and under ac- 
tual manufacturing conditions, to determine 
the concentration of fluorides to which the 
welder might be exposed under different 
welding conditions. 

LABORATORY TESTS: The first stage of the 
investigation was carried out in the labora- 
tory, where methods and procedures could 
be most readily developed. The following 
data were obtained: 

1. The electrode coating contained ap- 
proximately 9% fluorine, principally as 
calcium fluoride. Less than 1% of this 
fluorine was water soluble. The electrodes 
produced by one manufacturer only were 
studied; it is probable that composition will 
differ with different manufacturers. 

2. The fumes contained 10% to 12% 
fluorine. The percentage of fluorine varied 
with the distance from the are to the 
sampling equipment, and was evidently in- 
fluenced by the presence of relatively large 
slag particles. Over 50% of the fluorides in 
the fumes were water soluble. (Thrysin, et 
al." have reported fluorine concentrations 
ranging from 17.1% to 28.2% in the fumes 
from basic (low-hydrogen) electrodes. They 


do not report the concentration in the ori- 
ginal coating. They also report increased 
water solubility of the fluorine content of 
the fumes.) 

3. A 3/16” low-hydrogen electrode pro- 
duced approximately 0.6 gm. of fumes. 

4. No significant amount of hydrogen 
fluoride or other gaseous fluoride could be 
determined. 

Several methods were tried in order to 
arrive at the most accurate and most con- 
venient method of collecting samples to 
show the welder’s exposure. After finding 
that samples collected at different locations 
outside of the helmet (front, back, and 
side) varied by several hundred percent, it 
was decided to sample inside the helmet. 
This was accomplished by taping a rubber 
tube with the intake close to the welder’s 
mouth and drawing air through filter paper. 
This was the method used in succeeding 
sampling. Results of preliminary laboratory 
sampling are as follows: 


Milligram 
of Fluorine 


No. Location per Cubic Meter 
1 Front of helmet 28.0 
2 Side of helmet 18.0 
3 Rear of helmet 12.0 
4 Side of helmet 30.0 
5 Rear of helmet 0.35 
6 Rear of helmet 1.40 
7 Inside of helmet 0.7 
8 Inside of helmet 2.8 
9 Inside of helmet 1.4 
10 Inside of helmet 1.4 


These results have little significance ex- 
cept to indicate the range of concentration 
which could be expected. Since they were 
taken under different conditions (except 5, 
6, 7, and 8) no correlation of results was 
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expected. Samples 5 and 7, and 6 and 8, 
were taken simultaneously. It is interest- 
ing to note that the concentration inside 
the helmet in both cases was exactly twice 
that immediately behind the helmet. 

The efficiency of filter paper as a collect- 
ing medium for welding fumes was estab- 
lished by comparison with the electrostatic 
precipitator. 

ANALYTICAL METHODS: Fluorine was de- 
termined by distillation and titration with 
thorium nitrate.” 

SAMPLING PROCEDURES: Two types of 
samples were collected during the study: 

1. Breathing zone samples: These samples 
were collected under the helmet in the 
manner previously described. They give an 
accurate picture of the exposure of the in- 
dividual during actual welding conditions. 
The samples were for the most part col- 
lected for approximately 30 minutes of 
welding time. By welding time is meant 
that time when the helmet was being worn 
and includes are time, and time for chang- 
ing electrodes and slag removal. Local ex- 
haust ventilating systems were not used 
during the collection of the.samples, in 
order to show conditions in the absence of 
such systems. Frequently, 60 to 90 minutes 
were consumed in securing the 30 minute 
welding time sample. 

2. General air samples: These samples 
were collected in the general room air away 
from the direct path of welding fumes and 
show the concentration to which everyone 
in the area was continuously exposed. These 
samples were collected for prolonged peri- 
ods, 30 to 120 minutes, to secure a better 
picture of average conditions. General ven- 
tilation, whether mechanical or natural, was 
not deliberately altered during these sam- 
ples. Local exhaust ventilation was not in 
use during the day sampling was carried on. 

AREAS STUDIED: 

1. Area A: Welding here was on large 
castings, pre-heated to 300° to 400° F. by 
open gas flames. Because of the high tem- 
peratures, welders worked in pairs, one 
working, the other resting. While the loca- 
tions being welded were principally in the 
open, it was sometimes necessary for the 
welder to crouch over the work, or to weld 
in a partially confined space. The work was 
mostly filling or repair welding. The arc 
time was low, estimated at under 20%. The 
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welders were on day work. General ventila- 
tion was good. Electrodes of 3/16 and 5/32 
inch were used. 

2. Area B: This was a pipe shop, with 
pipes up to 18” in diameter being welded. 
The work was located in a large open shop 
with good ventilation. The work called for 
extreme accuracy in welding, but most of 
the time was devoted to arrangement of the 
pieces and tacking. The arc time (not esti- 
mated) was quite low. Welders were on day 
rate. Electrodes of 5/32 and 1/8 inch were 
used. 

3. Area C: This was a large open shop, 
with welding done on a variety of cold cast- 
ings. The work did not call for extreme ac- 
curacy, and welders were on day rate. Gen- 
eral ventilation was good. Electrodes of 
3/16 and 5/32 inch were used. 

4. Area D: These samples were collected 
while welding pipes inside large tanks. The 
pipes were 4” to 6” in diameter. The tanks 
were very roughly 10’ x 10’ x 10’ and had 
openings on top approximately 2’ x 3’ and 
an opening on one side approximately 4’ x 4’. 
The welding was done at heights ranging 
from knee to shoulder level. Extreme ac- 
curacy was required. Arc time was low. 
Local exhaust ventilation was not used dur- 
ing sampling. Good general ventilation was 
in effect outside of the tanks. Electrodes of 
5/32 and 1/8 inch were used. 

5. Area E: This was a large crowded 
welding shop. Work was on large fabrica- 
tions (10’ x 10’ x 10’ or larger) and en- 
compassed almost every conceivable posi- 
tion and location. Welders were on piece 
work, and arc time was high, about 50%. 
The low-hydrogen coated electrode here was 
limited in use to the first pass on any given 
weld. For the balance of the work, conven- 
tional coated electrodes were used. It was 
estimated that the low-hydrogen electrode 
was used on less than 25% of the welding 
on any particular job, and less than 10% 
of the total welding in the shop. However, 
those samples shown in Table I were col- 
lected only when the low-hydrogen electrode 
was being used. Electrodes of 3/16 and 1/4 
inch were used. General ventilation was 
fair. All welding in this area was in the 
open. 

6. Area F: This is the same shop as de- 
scribed in Area E with the same general 
conditions prevailing. However, in this case, 
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TABLE I. 
BREATHING ZONE SAMPLES 
FLUORIDE CONCENTRATION 


Concentration* Number of Samples in Area— 


Range A B Cc D E F 
0-0.5 9 2 1 2 0 1 
5-1.0 7 2 2 2 2 3 
1.0-1.5 2 2 0 0 1 2 
1.5-2.0 1 0 0 0 0 1 

2.0-2.5 1 1 0 0 0 1 

2.5-3.0 0 3 0 0 1 1 

3.0-3.5 0 1 0 0 1 1 

3.5-4.0 0 1 0 0 1 1 

4.0-6.0 0 0 0 0 1 1 
6.0-8.0 0 0 1 0 1 0 
8.0-10.0 0 0 0 0 3 0 

20 12 4 4 11 12 

*Milligram of fluorine (—F) per cubic meter of air 

sampled 


all samples were collected while welding 
was being carried on in what can best be 
described as semi-confined areas. The de- 
gree of confinement of the fabrications be- 
ing welded varied greatly, but in no case 
were more than five sides, assuming a 
cubical enclosure, closed. Again, only the 
low-hydrogen electrode was in use during 
collection of the samples shown in Table I. 
Electrodes of 3/16, 1/4 and 5/16 inch were 
used. 


Results 


RATHER than show the individual samples, 

which would have little meaning unless 
the exact sampling conditions were known, 
the results have been summarized. 

Table I gives the number of samples col- 
lected in the various areas, and the concen- 
tration range into which they fell. These 
samples were all collected while the low- 
hydrogen electrode was being used ex- 
clusively. No local exhaust ventilation was 
in use during the sampling period. These 
samples give the actual exposure of the 
welders during their welding time. 

Table II gives the results of the samples 
collected in the general atmosphere in the 
various areas. These represent the back- 
ground exposure of the welder, to which he 
is more or less continuously exposed. Since 
several of these samples were collected in 
areas crowded with welding operations, it 
is very possible that abnormally high re- 
sults were produced by location of the 
sampling equipment directly in the path of 
the welding fumes. 

Table III shows results of samples col- 
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lected in Areas E and F, when the conven- 
tional coated electrode was being used. In 
this case, the total weight of welding fumes 
is reported. These samples were collected 
in order to estimate the fluoride concentra- 
tion which could be expected if the use of 
the low-hydrogen electrodes should be ex- 
tended. 


Discussion 


AS WOULD be expected, the concentration 

of fumes to which the individual welder 
was exposed varied tremendously with the 
difference in jobs. No correlation existed 
between the various areas studied, or even 
within the areas. In fact, there appeared to 
be no correlation of exposure between weld- 
ers on almost exactly the same job. 

Several interesting facts were noted re- 
garding the exposure of welders to fumes, 
both total and fluoride. 

1. Piece workers received greater expo- 
sure than day workers. This might be ex- 
pected, since their arc time would be nor- 
mally greater. 

2. Welders on heated work had less ex- 


TABLE II. 
GENERAL AIR SAMPLES 
FLUORIDE CONCENTRATION 


Concentration* 

Range 
0. -0.02 
0.02-0.04 
0.04-0.08 
0.08-0.16 
0.16-0.32 
0.32-0.64 


Number of Samples in Area 


OB 


14 


*Milligram of fluorine (F—) per cubic meter of air 
sampled 
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TABLE III. 
BREATHING ZONE SAMPLES 
TOTAL FUMES 


Concentration** Numbers of Samples in Area 


Range E F 
0-5 0 1 
5-10 1 0 

10-15 10 0 
15-20 5 3 
20-30 2 5 
30-40 2 1 
40-60 5 3 
60-80 2 2 
80-100 0 1 
100+ 1 
28 16 


**Milligrams of total fumes per cubic meter of air 
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posure than those on cold work. This was 
probably due to the fact that they tried to 
remain as far as possible from the work 
surface. 

3. Work calling for accuracy involved 
greater exposure, presumably because of 
the tendency to lean closer to the work. 

4. Confined, or semi-confined, areas did 
not result in as high exposures as was ex- 
pected. If there was no way for thermal 
currents to carry the fumes from the en- 
closure, the concentrations would, of course, 
be very high. If there was a path open, the 
concentrations were not significantly higher 
than those determined at similar operations 
in the open room. This is illustrated by 
comparison of B and D, and E and F in 
Table I, and by Table III. 

5. Electrode size was not a deciding fac- 
tor in exposure. Just as many high concen- 
trations were determined using the smaller 
electrodes as the larger. Where other fac- 
tors did create a high exposure, however, 
a larger electrode made the exposure higher. 

6. The individual working habit of the 
welder created the greatest variable in 
fume exposure. This may be influenced by 
vision, by previous instruction, or simply 
by indifference. One possible explanation, 
given by several welders, was that since 
they could not see anything but the are, 
they did not realize that they were in the 
path of the fumes. The introduction of a 
material in the coating to produce an odor 
would probably be advantageous. 

In Table I, Area B, tests were run on 
three welders doing exactly the same job. 
The five highest concentrations shown were 
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determined on one welder. This difference 
in exposure among different welders on the 
same job was noticed repeatedly during the 
tests. 


Summary 

T WAS NOT the purpose of this report to 

evaluate the possible hazard from inhal- 
ation of fluorides during welding with the 
low-hydrogen electrode, rather to show the 
range of concentrations which may be ex- 
pected under various conditions. It must 
be pointed out that the concentrations re- 
ported cannot be correlated to the thres- 
hold limits unless welding time and actual 
time are synonymous. 

Our results did indicate that with con- 
tinuous welding the fluorine (F—) con- 
centrations may be far below the generally 
accepted limit of 2.5 milligrams per cubic 
meter of air in some circumstances, far 
above it in others. 

It is felt that the actual degree of hazard 
associated with the use of this electrode 
will depend on the amount of fluorine in 
the coating, the welding conditions, the in- 
dividual welding habits, and the arc time. 

It is felt that the number of variables 
is too great to permit accurate evaluation 
of the degree of hazard by air sampling, 
unless every job of every welder is ex- 
amined. Urine analysis offers an easier and 
probably more accurate solution. 
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New Developments 


in Reverse-Jet Filters 


H. J. HERSEY, JR., Engineer, New York City 


HE HERSEY method of filtering dust and 
some types of fume from air and other 

gases is not just another way of cleaning 
bags of accumulated dust, as is often sup- 
posed by those not familiar with the princi- 
ples of this method and their application. 

It is distinguished 
by the use of a thick 
dense filter medium 
which increases the 
effectiveness of the 
filtration processes of 
impingement and dif- 
fusion in the capture 
of the smaller par- 
ticles, and the screen- 
ing out of the larger. 
Because it does not 
rely upon the bridg- 
ing of interstices such 
as exist in woven 
fabrics for its dust retention efficiency it 
can filter at much higher velocity, which 
means less filtering area to maintain, and 
less space requirement. Porosity of the 
filter is maintained by a jet of high velocity 
air in reverse direction to the normal flow, 
which moves progressively over the filter 
medium. This is accomplished by means of 
a slotted tube which actually contacts, in 
fact indents, the filter medium—an essen- 
tial consideration which distinguishes the 
method from the “‘blow-back”’ filters which 
appear in patent literature and which are 
consequently incapable of producing similar 
results. (Fig. 1) 

The basic mechanics of the method in its 
simplest form consists of one or more wool 
felt tubes which are surrounded by slotted 
rings moved up and down by chains or 


~FILTER MEDIUM 
QUSTY SIDE || CLEAN SIDE 


Fig. |. 
Relation of blow-tube 
to filter medium. 
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cables, and fed with low pressure air by 
a hose from a positive displacement blower, 
or a high pressure centrifugal fan. Fig. 2 
illustrates an early form. 

Extended industrial application of the 
reverse-jet filter has demonstrated both 
strengths and weaknesses, and has led to 
developments and inventions for making 
this relatively new type of filtering dust 
collector of greater usefulness and scope. 
This paper attempts to explain some of the 
less obvious problems, features, and pos- 
sibilities of the reverse-jet filter. 


Control of the Jet Action 

N AN ASSEMBLY of 12 foot-long tubes only 
one-half of 1% of the filtering area is 

affected by the porosity maintaining action, 


Fig. 2. 
An early model of the Hersey reverse-jet filter. 
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and there is no compartmen- 


+—+4 


talizing of a section being 


cleaned which loses the con- 
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trolling factor of prevailing 


pressure. Consequently a de- 


gree of automatic control is 
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possible which has not before 
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been attainable. This provides 
constant volume irrespective 
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of variations in the amount or 
character of the dust. Con- 
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stant volume is essential to 
the efficient operation of any 
dust collecting system but has 
heretofore not been obtain- 
able where filters were em- 
ployed. Time-cycle operation 
does not accomplish the same 
result because the resistance 
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DUST LOAD RELATIONSHIP. 


Fig. 3. 


Variation in system performance (ductwork filter, and fan) with 


changing dust load to filter. 


of a filter is not a function ry 7 To 
of time, but of the amount +4 
The value of control by the [ coms BC | 
crushing plant where the vol- 000 i ° 
ae RECOMENDEDBASIS OF OPERATION 
different physical properties H.J.HERSEY Je 
Feb. 2, 1953 


and each producing different 
amounts of airborne dust ac- 
cording to the moisture con- 
tent of the parent material. 
The pressure control switch is set for design 
volume with the maximum normal quantity 
of dust, although the dust load occasionally 
exceeds that for short periods. This setting 
is 21,000 CFM at 3.0” water gauge pressure 
drop with 15 grains per cubic foot, under 
which condition the jet operates all of the 
time. However, the dust load is usually be- 
low 15 grains and between 10 and 1 grains, 
reverse-jet operation is only 30% to 12% of 
the time with the volume variation auto- 
matically held to 18%. See Fig. 4. 

A reverse-jet filter will almost always 
operate at a lower average pressure drop 
with the jet in continuous operation. (The 
only exception is when the dust is of such 
a character that time for agglomeration or 
flocculation aids the jet in removing it to 
such an extent that an occasional trip over 


Fig. 4. 


System performance with pressure control operation of filter. Same 


system as shown in Fig. 3. 


the filter surface is more effective in terms 
of average pressure drop than continuous 
trips which keep it dispersed, and rede- 
positing.) The lower pressure drop may, 
however, be expensive in terms of varying 
air volume, higher maintenance and lower 
dust retention efficiency. 


TABLE I. 


Chem. 
> 


Av. Dust Load—grains 0.60 0.92 6.9 17.7 8.0 13.1 
per cu. ft. 

ft. per min. 

Av. Pressure Drop— 


Grain Flour 


Continuous ”H20 4.33 1.38 5.0 5.0 5.0 4.6 
Av. Pressure— 

Control ”“H:O 5.15 16 7.0 6.2 5.7 6.0 
Increase in Pressure 

Drop 0.82 0.8 2.0 1.2 0.7 1.4 


%RIO with Control 6.5% 14.5% 29% 33% 64% 24% 
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Table I shows the results of many hours 
of recordings of the cost, in terms of pres- 
sure drop, of several percentages of reverse- 
jet operation under control by pressure 
drop, on several field applications. 

In the lower ranges of reverse-jet opera- 
tion percentages, there will usually be addi- 
tional power cost but the saving on high 
pressure reverse-jet offsets the cost of the 
higher pressure drop on the main fan. 

The saving to be had in maintenance 
through control by pressure drop is obvious, 
and where applicable, is justified by that 
alone. 

Dust retention efficiency has been pointed 
out by Silverman and others to be affected 
by the reverse-jet action—disturbance of 
the dust deposit causing some particles to 
sift through even dense wool felt. There- 
fore it follows that the less reverse-jet ac- 
tivity, the higher the average collection 
efficiency. Automatic control of the jet to 
the minimum required to maintain constant 
volume is certain to provide higher overall 
efficiency than constant  reverse-jetting. 
Table II, taken from Harvard Air Cleaning 
Laboratory Progress Report NYO 1586, 
shows approximately four times the pene- 
tration through the felt of tale with 100% 
as compared to 45% jet operation. one and 
a half times on vaporized silica with 100% 
as compared to 10%; and three and a half 
times on precipitated fly ash with 100% as 
compared to 7%. 

A principle reason for the early develop- 
ment work on the reverse-jet filter in 1939 
was the concept of fully automatic control 
of the porosity maintaining acticn by the 
pressure drop, so as to maintain the dust 
deposit to assure the high efficiency needed 
in silicious ore crushing plants where low 


TABLE II. 


EFFECT ON COLLECTION EFFICIENCY OF 

REVERSE JET OPERATION TIME 

Air Dust Dust 

Flow Filter Re- Loading Reverse Pene- 

Rate sistance— Grains/ Jet tration 

CFM/ Test in. W.G. 1000 cu.ft. Operation % by 

sq. ft. Dust Avg. in out time% Weight 

11.5 Tale -- 140 -00025 45 0.0019 

11.5 Tale 4.72 160 -00125 100 0.0078 

10.0 Vaporized — 1070 -001 10 0.00093 
Silica 

10.0 Vaporized 5.1 1260 -018 100 0.0014 
Silica 

9.5 Fly Ash — 1120 1.20 7 0.023 
10.0 Fly Ash 1.06 1240 0.25 100 


0.082 
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dust counts were demanded. Use of reverse- 
jet filters since on so many non-toxic heavy 
load applications has delayed the full recog- 
nition and development of this feature 
which seems to be justified. 

It is often remarked that extremely high 
efficiency is not essential because a dust 
is non-toxic, or the location is remote from 
habitation. This is reasoning of question- 
able merit in view of the accelerating march 
of progress in control of air pollution; the 
increasing recognition that few if any dusts 
are unharmful to all people; and the fact 
that few locations long remain remote. 

If a filter is justified at all, it should be 
an efficient filter and the purpose of the 
Hersey filter development is to provide the 
optimum benefits of filtration with maxi- 
mum convenience and versatility in applica- 
tion. 


Filter Medium Treatments 
OCCASIONALLY a dust is encountered which 
does not form a sufficiently stable de- 
posit even in dense wool felt, to stand any 
reverse-jet action at all without some leak- 
age, which although not visible as air-borne 
dust, may in some cases be objectionable. 
It is not a matter of particle size, as some 
of these dusts are very coarse compared 
to some which are retained at extremely 
high efficiencies. It has been noted that 
those few dusts exhibiting this behavior are 
non-flocculating. Static electrical charges 
do not appear to have a bearing on seepage, 
because a fine bronze powder dust carrying 
no measurable charge, presents a seepage 
problem. Also, pigment grade TiO. in the 
order of one micron or less in particle size 
and which has a tendency to flocculate, pre- 
sents no seepage problem, but the same 
chemical, in a Technical Grade, having 8 
to 10 micron particles that do not readily 
flocculate, presents a serious seepage prob- 
lem. 

When given a special treatment, known 
as HCE, the tendency of dusts to seep 
through felt is practically eliminated. In 
the instance of the bronze powder men- 
tioned above, it eliminated all visual evi- 
dence of seepage. The same was true with 
Technical Grade certain resins, 


cement dust, starches, etc. 
The most complete and accurate investi- 
gation to date, of the effectiveness of HCE 
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Fig. 5. 
Self-adjusting blow ring assembly. 


SAME FILTER INSTALLATION UNDER 
FOUR DIFFERENT OPERATING CONDITIONS 
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Fig. 6. 
Redeposition indicated by variation in resis- 
tance of a single tube with position and di- 
rection of blow ring travel. 


treatment over plain felt was made by K. 
J. Caplan and M. G. Mason in the test of a 
reverse-jet filter collecting a radioactive 
dust, most of which was less than one 
micron in particle size and exhibited exces- 
sive seepage through plain felt. Their tests 
showed that at the end of 110 days’ service 
a plain felt bag gave a collection efficiency 
of 99.25% whereas an HCE treated bag at 
the end of 158 days’ service had a collection 
efficiency of 99.920%. 


Self-Adjusting Blow Rings 

S WAS pointed out in the first part of this 

paper, the contact with, and even inden- 
tion of, the filter medium is of primary im- 
portance. For optimum performance it is 
critical within narrow limits. An adjust- 
ment of only 1% inch, in terms of radius, 
made in the field recently, increased volume 
from 22,800 CFM to 26,300 CFM and re- 
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duced pressure drop from 6.9 inches water 
to 5.9 inches in a few minutes of operation. 

Wool felt, and probably any other ma- 
terial with like filtering properties, is in- 
herently dimensionally unstable, and in any 
case the need of perfect alignment of tubes 
is an undesirable requirement. Consequent- 
ly, it has been deemed necessary to provide 
for this with means for automatic adjust- 
ment relative to the tube diameter and 
alignment. As diameter cannot be changed 
except within the limits of the elasticity of 
the tube material without the formation of 
wrinkles with consequent wear, it is neces- 
sary to oval the tube cross-section by means 
of segments which are of somewhat greater 
radius than the tube itself. 

A means of accomplishing this, as de- 
veloped by Turner & Haws Engineering 
Co. is shown in Fig. 5. Various needed 
design features were disclosed by this de- 
velopment, and other designs of self- 
adjusting rings will soon appear, but with 
the same objectives. 

Wear of clean wool felt by smooth metal 
surfaces is negligible in the absence of 
chemical attack or other adverse condi- 
tions, as proven by tube life of over four 
years to date on some of the early installa- 
tions. However, uniform conditions must 
prevail if such service is to be obtained. 
Self-adjusting rings offset such variables 
as tube stretch, uneven stitching, and oc- 
casional unexpectedly high pressures due to 
accident or maladjustment in the system or 
collector. 


Redeposition 


HE CAPACITY of reverse-jet filters is ad- 

versely affected by redeposition of part 
of the dust removed by the jet, especially 
when it consists of readily dispersed non- 
flocculating particles of relatively low ap- 
parent specific gravity. With tubes relative- 
ly long in relation to diameter, a window re- 
veals that there is almost no settlement of 
fine dust into the hopper except as the 
reverse-jet approaches it on the down trip, 
indicating redeposition is taking place at 
all other times. The importance of this ac- 
tion is also indicated by plotting resistance 
in a single tube against the vertical posi- 
tion and direction of the jet, (Fig. 6) which 
shows it decreasing as the lower extremity 
of travel is approached. Still another proof 
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ROVERSE-JET EQUALLY 
EFFECTIVE AT 
/ POINTS 


ORDINARY OUST 


Fig. 7. 


Fig. 8. 

Fig. 7: Illustration of fissures and pinholes 

formed by an excessively thick surface deposit 

of some dusts. Fig. 8: External view of rotary- 
arm type filter. (Shown without hopper.) 


is that experiments and observations show 
that most of the retained decrease in re- 
sistance occurs on the down travel—recent 
recorded tests on cement dust showing 80% 
on down trip. The up-trip lessens the rate 
of pressure rise by disturbance of the par- 
ticles deposited within the medium, but it 
does not dispose of an appreciable amount 
of the surface deposit. This is readily ex- 
plained by calling attention to the presence 
of the cleanest portion of the filtering area 
immediately below the jetted dust cloud 
when the rings are on the up-trip. 

The ideal solution to this problem would 
seem to be isolation of the jetted dust, with 
conveyance directly to the hopper. Patent 
literature is full of ideas for vacuum clean- 
ing of the filter surface which perhaps had 
this problem in mind but overlooked the 
secondary separation required at the point 
of deposit, and of course lack of ability to 
retain the desired equilibrium deposit dis- 
cussed earlier in this paper. 


Thick Surface Deposit 

NOTHER cause of low capacity in some 

reverse-jet filter applications is the 
tendency of some dusts to flocculate or 
cling to the surface to such an extent that 
an excessively thick surface deposit is 
formed. The reverse-jet opens only pin holes 
or fissures in such deposits, the air flow 
resistance of which is less than the pressure 
required to form more of them, or to re- 
move agglomerates. In such a case, the jet 


Fig. 9. 
Internal view of rotary-arm type, from above, 
showing blow-tube between screen support and 
filter, and drive mechanism for central shaft. 


only acts through these small openings, 
which is in effect the same as reducing the 
total of-the active filtering surface to their 
total area (Fig. 7). The ideal solution to 
this problem would be to pass a fine taught 
wire, or the like, so close to the filtering 
surface that a deposit of such thickness 
could not accumulate. As a practical dust 
collector design does not lend itself to the 
precision positioning such an ideal approach 
would require, a compromise has been made 
in the form of what might be called wipers, 
or sweepers. Their action is difficult to de- 
scribe in that they do not brush or sweep 
off the thick deposit as implied—which ac- 
tion would, of course, shorten the life of the 
filter medium. Instead, they gently contact 
it just enough to disturb the cake that has 
been formed, and to interfere with further 
formation. They also tend to fill the fissures 
or pin holes, with resulting increase in their 
resistance, and better distribution of the 
effective pressure of the jet on its next 
passage over the filtering area. 


New Forms of Reverse-Jet Filters 

N AN EFFORT to overcome the limiting fac- 

tors in performance previously discussed, 
a method of applying a reverse-jet in a way 
which would attack them in basic fashion 
was conceived. Dimensional instability of 
the filter medium was offset by mounting it 
on a screen support; redeposition attacked 
by providing a receiver to isolate most of 
the jetted dust from the cleaned surface; 
means for mounting a wiper to prevent ex- 
cessive accumulation of deposit provided; 
and one-directional motion to avoid rever- 
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Fig. 10. Fig. 11. 
Fig. 10: V-panel style from front, or "dusty" 
side. Fig. 11: V-panel style from clean side, 


showing blow-tubes and manifold. Drive mech- 
anism not shown. 


sal and the consequently less effective up- 
trip arranged for, by an assembly such as 
illustrated by Figs. 8 and 9, which is a 
test unit shown without the hopper. 

A central tubular shaft carries a slotted 
blow-tube around the cylindrical expanded 
metal screen supporting the filter medium. 
Opposite, on the dusty side, and supported 
from the same central shaft is the receiver, 
in, or adjacent to which, is a wiper of any 
desired form. The essential in this, or like 
design, is the interpositioning of the blow 
tube between the filter medium and its sup- 
port to provide the perfect contact and in- 
dentation of the filter medium referred to 
in the early part of this discussion as neces- 
sary for good results. In order to meet this 
requirement the blow tube has to be of very 
thin cross section, and both it and cylindri- 
cal screen support must be designed and 
assembled with sufficient precision to pro- 
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vide clearance, but a minimum of it, be- 
tween them. Consequently this method of 
reverse-jet application is not easy to trans- 
late into large sizes. 

Another application of the interposition- 
ing of the blow tube between the filter 
medium and a support for it, is the V-panel 
form shown by Figs. 10 and 11 which il- 
lustrate only an experimental section of two 
V’s or pleats. In commercial form there 
would be a multiplicity of these pleats. This 
form attacks only one of the limiting fac- 
tors of the tubular form, which is dimen- 
sional instability of the filter medium. It is 
similar to the tubular type in all other re- 
spects, being actuated by the same type of 
reciprocating mechanism (not shown here). 
However it offers maximum filtering area 
in relation to space requirement, and in a 
rectilinear form for use on large volumes 
of air of relatively light dust content. 


Conclusion 


IN CONCLUSION, it might be said that the 

reverse-jet type of filter presents a filter- 
ing method which is capable of much higher 
filtration velocities at the same or higher 
efficiencies than previously experienced. 
Experimentation and analytical study of 
results obtained in several years of field ap- 
plication point th: way to still further ad- 
vances, some of which, discussed in this 
paper, are already accomplished, on an ex- 
perimental and/or field application scale. 

Unfortunately, at least for the experi- 
menters, the reverse-jet principle adds sev- 
eral more interdependent variables to the 
already complex basic facts of filtration. 
Nevertheless, progress to date. indicates 
future improvement in a tool for dust col- 
lection and air filtration. 


FOR SALE 


Micro-projector (1000x) with mechanical 
stage and Bausch & Lomb 4.5 amp. 
mechanical feed arc lamp. Price $175.00 


ZURICH INSURANCE COMPANY 
L. E. Gordon, ind. Hygiene Division 
Chicago 3, Illinois 
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Catalytic Fume Elimination 


DESIGN CONSIDERATIONS FOR APPLICATION 


R. J. RUFF, President, Catalytic Combusion Corporation, Detroit 


= and the general public are pre- 
sented almost daily with new products 
and processes resulting from this age of 
rapid scientific and technological progress. 
When, occasionally, such presentations are 
aominated by imaginative publicity, the 
consumer may hopefully look upon the new 
development as a “cure-all.” Ultimately, 
however, as limits and potentials are field- 
proved, the new development assumes its 
rightful position as determined by its 
fundamental soundness and conformance 
with natural and economic laws. 

From the field experiences of four years 
and several hundred production installa- 
tions, the range and limits of catalysis as 
applied to specific fume combustion applica- 
tions can now be predicted with a reasonable 
degree of accuracy. It is, therefore, the pur- 
pose of this report to review the function 
of the catalyst in combustion of flammable 
type fumes, define the limits of adaptabil- 
ity, specify results obtainable, and outline 
the influencing design factors of a complete 
catalytic fume combustion system. 

Early development work on the use of 
catalysts for fume combustion was moti- 
vated by the concept of energy reclamation. 
The oxidation of any hydrocarbon or or- 
ganic gas causes heat liberation as well as 
conversion of the noxious fumes to innocu- 
ous carbon dioxide and water vapor. For 
example, a typical industrial paint baking 
oven may liberate and exhaust to the at- 
mosphere 10 gallons of paint solvent per 
hour. It is obvious, therefore, that the re- 
lease of latent energy in the exhaust stream 
—on the basis of a heat of combustion 
value of 120,000 BTU per gallon of solvent 
—represents a significant heat recovery po- 
tential of 1,200,000 BTU/hr. While this 
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paper will be confined to the properties 
of catalytic oxidation for air pollution con- 
trol, the number of installations, where 
fume elimination simply becomes a by- 
product of energy recovery, is constantly 
increasing. 


Definitions 


‘THE catalytic concept of fume elimination 

requires the employment of terms and 
expressions infrequently used in other air 
pollution control work. For convenience of 
the reader, and to permit condensation of 
report material, the following simplified 
definitions are listed: 

Catalyst: A substance which, simply by 
its presence, accelerates a reaction without 
itself entering into the end products of the 
reaction. As applied to fume combustion, 
the presence of the catalyst permits union 
of oxygen and hydrocarbons, in a fume 
stream at approximately 500° F, when in 
its absence probably 1400° F would be re- 
quired for the same reaction. Since the 
catalyst does not become part of the end 
products, its life is theoretically infinite. 

Fume Energy Concentration: The latent 
heat energy in a unit of fume stream, usual- 
ly expressed as BTU volume per cubic foot 
of 70° F equivalent air (BTU/SCF). By 
thermal capacity of dry air, the release of 
each BTU/SCF will produce increments 
of temperature rise to the fume stream 
of approximately 57° F. Therefore, the 
combustion of a fume stream having an 
energy concentration of 10 BTU/SCF will 
produce a temperature rise to the fume 
stream of 570° F. 

Lower Flammable Limit—L.F.L. or 
L.E.L.: The lowest concentration of a mix- 
ture of flammable vapor or gas in air (usual- 


a flash will occur, or a flame will travel, if 
he mixture is ignited. A point-source of 


a expressed in percent by volume) in which 
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high temperature is required to initiate the 
chain reaction. Over 600 flammable gases 
are classified indicating L.E.L. ranges from 
1% for carbon disulphide to 4.1% for hy- 
drogen. These variations undoubtedly re- 
sult from differences in molecular weights 
and oxygen demands, since the energy con- 
centration for all flammable gases at the 
L.E.L. appears generally constant—in the 
range of 50 BTU/SCF at room tempera- 
ture. 

Catalytic Ignition Temperature: The 
minimum temperature to which a fume 
stream must be raised to initiate or cause 
catalytic combustion. Platinum alloy cata- 
lysts are employed for their recognized 
stability, low ignition temperature, and re- 
sistance to elevated temperatures. At oper- 
ating velocities, catalytic ignition tempera- 
ture may vary from below 300° F for alco- 
hols to as high as 600° F or more for the 
highly refractory vapors of tar and asphalt. 
Variations in energy concentration from 
traces to 3 or 4 BTU/SCF produces no 
significant change in catalytic ignition tem- 
perature. 


Oxidation System 


N THE sequence of fume movement from 

its source of generation in a manufactur- 
ing process to the discharge of the oxidized 
gases, a complete system generally incorpo- 
rates the following parts: 

1. Fume Collection and Delivery. This 
may consist of an exhaust fan on a paint 
baking oven, or tight-fitting hoods and 
fume collection ducts on kettle cooking op- 
erations. 

2. Fume Preheating Equipment—re- 
quired whenever the process exhaust gases 
are below the required catalytic ignition 
temperature. Preheating can be accom- 
plished by oil, gas or electric heating. 

3. Temperature Control and Limit Pro- 
tective Devices. In addition to controlling 
the preheating equipment, it may on oc- 
casion be necessary to control fume energy 
concentration and oxygen supply, by air 
dilution or by other methods, to maintain 
concentrations within prescribed safety 
standards. 

4. Insulated Housing with Catalytic Ele- 
ments. 

5. Heat Recovery or Self-recuperative 
Systems. 
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Fig. |. 
Typical catalyst element for organic fume 
incineration. 


The catalyst element is similar in appear- 
ance to a metallic air filter mat. The sup- 
porting media for the precious metals con- 
sist of a nickel alloy ribbon “fill” supported 
between nickel alloy container screens, all 
enclosed within a heat-resisting alloy chan- 
nel frame. A coating of the platinum alloy 
metal is bonded to the nickel alloys and 
conditioned for activity. The construction 
permits high through-put capacity, low re- 
sistance to flow, high heat resistance, per- 
manent distribution of the catalyst sur- 
face area, and resistance to thermal or 
mechanical shock. Standard elements may 
be installed in “banks” for any desired 
fume volume. 

The activity life of such catalysts has 
not yet been fully explored. Several units 
have now exceeded 23,000 service-free op- 
erating hours, and many units, checked 
after 10,000 hours of operation, show no 
measurable reduction in activity. It is ex- 
pected that over long periods, normal attri- 
tion will cause activity to decline. When 
this occurs, the elements may be reactivated. 


Range and Limits of Application 
CATALYTIC oxidation is broadly applicable 
to hydrocarbon and organic type fumes, 
including alcohols, esters, ketones, ethers, 
acrolein, and aldehydes, as well as hydro- 
gen, carbon monoxide and mercaptans. 
Equally satisfactory results are obtained 
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with the low boiling group as well as the 
dense, heavy vapors liberated in the cook- 
ing of oils, tars and asphalt. Preheating 
prior to catalysis causes the visible aerosols 
to return to a pure gaseous state, thereby 
preventing condensate formation. 

From the standpoint of, initial cost, there 
are no serious volumetric limitations. Sev- 
eral systems have been supplied for vol- 
umes as low as 20 CFM and others, with 
capacities of over 20,000 CFM. 

Because of the requirements for preheat- 
ing to catalytic ignition temperature, oper- 
ating costs may increase directly with the 
volume, but inversely with fume energy 
concentration. As an example, a_ 10,000 
CFM, self-recuperative catalytic fume- 
removal device, receiving fumes at room 
temperature, having an energy concentra- 
tion of 4 BTU/SCF would be essentially 
self-sustaining, on a continuous basis, re- 
quiring no external heat. The same system 
handling an air stream containing an 
energy concentration less than 0.1 BTU/ 
SCF would require an operating consump- 
tion of approximately 2,400,000 BTU/hr. 

The limits of adaptability from the stand- 
point of energy concentration or continuity 
of the fume load is again primarily econ- 
omic. For those applications where the 
fume energy concentration is constantly 
within the flammable range, direct igni- 
tion by flame, without use of catalysts, ap- 
pears to be the logical procedure. Catalytic 
fume removal systems have already proved 
their use over several years of operation on 
fume streams which may fluctuate below, 
within, and above the flammable range, 
such as the exhaust from hooded varnish 
cooking kettles. 

The process is considered unsuitable for 
use where the fumes contain large amounts 
of cinders, inorganic solids, or vaporized 
metals that would cause rapid deterioration 
of the catalyst, as in foundry cupolas, blast 
furnaces, or coal-fired boilers. However, 
normal atmospheric dust causes no diffi- 
culty, and, in some cases, low concentrations 
of process inorganics can be tolerated. In 
general, observation of the manufacturing 
process generating the fumes will indicate 
whether permissible concentration of in- 
organic solids may be present in the exhaust 
stream. 

Although their use is comparatively 


185 


Fig. 2. 
Catalytic fume combustion unit complete with 
gas pre-heat burner and controls as used for 
handling exhaust fumes from heat-set inks in 
the paper printing industry. 


rare, some types of halogenated hydrocar- 
bons are harmful to the catalyst. The tem- 
perature of the fume generating process 
may influence their presence in the exhaust 
stream. Where questions exist as to suitabil- 
ity of the process, pilot units may be con- 
nected to the exhaust stream in the field. 
The accumulated data from several hundred 
pilot plant installations is now helpful in 
predicting results on each new application. 


Operating Results 
PUBLISHED reports by independent author- 
ities have credited the catalyst with com- 
plete removal of organics in atmosphere, to 
as low as “zero” scale deflection on an in- 
frared spectrometer. This same result can 
be accomplished where necessary—for in- 
strumentation purposes and for laboratory 
work. However, for full-scale production in- 
stallations, expected combustion efficiencies 
will vary from 97.5% for fume energy con- 
centrations of 1 BTU/SCF, to higher effi- 
ciencies for higher fume concentrations. 
Physical inspection of the effluent stream 
normally shows results as follows: 


Eye irritants ...... None, or slight trace. 
Condensate in exhaust ducts ...... None. 


Results as tabulated above are being ob- 
tained on production installations that have 
been operating for six months or more for 
such process exhaust applications as: 

Foundry core-baking oven using linseed 
oil and similar core binders. 

Oil cooking kettles—animal, vegetable, 
mineral, and fish oils. 
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Fig. 3. 
Battery of catalytic fume combustion units 
installed for deodorizing fumes produced in the 
manufacture of phthalic anhydride. Shown are 
10 of 28 units which have been operating 24 
hours per day for the past three years. 


Alkyd resin cooking kettles for paint 
manufacturing. 

Phenolic resin curing oven. 

Dryers of high-speed paper 
presses, using heat set inks. 

Oil burn-off furnace used in vaporizing 
kerosene and light oils from transformer 
punchings. 

Kiln for firing wax-bound ceramics. 

Organic chemical plant manufacturing 
phthalic anhydride, with gases containing 
maleic anhydride, phthalic anhydride, nap- 
tha quinone and napthalene. 

Wire enameling ovens, with gases con- 
taining xylols and coal tar derivatives. 


printing 


Design Data Requirements 

TANDARDIZATION of catalytic combustion 

systems has now been adopted for sev- 
eral fume combustion applications. This has 
been accomplished primarily in the wire- 
enameling field, and on kettle cooking oper- 
ations where either the processing equip- 
ment, or method of processing is essential- 
ly the same from one manufacturing plant 
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Fig. 4. 
Catalytic fume incinerator installed for elimin- 
ating noxious odors produced in the manufac- 
ture of resins and varnishes for paint finishes. 
Unit serves two 1000-gallon cooking kettles. 


to another. However, because of the wide 
variance in factors influencing the designs 
of the complete system, it appears evident 
that the majority of the installations will 
continue to require individual engineering 
study and design. A field study of a poten- 
tial application, prior to design develop- 
ment, includes investigation of: 

1. Manufacturing process causing fume 
generation. 

2. Nature of fumes, their rates of libera- 
tion, or cyclical behavior. 

3. Exhaust volume requirements of the 
process. In some cases, the volume of dilut- 
ing air can be materially reduced with safe- 
ty, thereby increasing fume energy con- 
centration, reducing volume, equipment, 
size, installation and operating cost, while 
improving the opportunity for profitable 
heat recovery. 

4. Control and safety equipment existing 
in the fume generating process, and possi- 
ble desirability of interlocking with the 
safety controls of the catalytic system. 

5. Presence of condensate in existing ex- 


€ 
t 
| Pp 
e 
is j ( 
( 


Industrial Hygiene Quarterly 


haust lines to determine the need for elim- 
ination of such hazards. 

6. The opportunity and potential use for 
reclaimed heat, where fumes have high 
energy concentration. This may involve fur- 
ther studies on heating requirements for 
plant make-up air, steam generation or 
adjacent drying operations. 


Summary 
Au TOO often air pollution is viewed as 
contamination primarily from soot, fly- 
ash, and other forms of solid matter. How- 
ever, analyses of smogs causing irritation 
to the eyes, nose and respiratory tract, as 
well as damage to crops and reduced visi- 
bility, prove that major pollutants are fre- 
quently hydrocarbons, or their products of 
decomposition, present in the form of gases 
and aerosols. 

By fortunate circumstance, harmless end 
products result from the complete combus- 
tion of hydrocarbons. Through the develop- 
ment work of the past four years, during 
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which the range of applicability for effec- 
tive and economical utilization of catalytic 
fume combustion has been established, in- 
dustry’s heating and ventilating engineers 
are given new responsibilities and oppor- 
tunities in the field of air pollution control. 


References 


1. “Properties of Flammable Liquids, Gases and 
Solids.” Factory Mutual Engineering Division, Bulletin 
No. 36.10. 

2. “Development of an Infrared Spectrometric Meth- 
od for the Monitoring of Organic Substances in the 
Atmosphere.” Fred E. Littman and James Q. Denton, 
Air Research Laboratory, Stanford Research Institute. 

3. “Catalytic Combustion of Hydrocarbon Vapors.” 
R. J. Ruff, U.S. Technical Conference on Air Pollution, 
1950. 

4. “Catalytic Combustion of Atmospheric Contami- 
nants in Effluent from Wire Enameling Ovens.” Alex- 
ander E. Goss, Senior Industrial Hygiene Chemist, Con- 
necticut State Department of Health. 

5. “Paint Company Beats Odor and Fume Problem 
with Special Measures.’’ Martin E. Schleicher, Technical 
Director, McDougall Butler Company, Buffalo, New York. 

6. “Fume Disposal by Catalytic Combustion.” Harold 
F. Borger, Plant Engineer, Hilton-Davis Chemical Com- 
pany, Cincinnati, Ohio. 

7. “Second Technical and Administrative Report on 
Air Pollution Control in Los Angeles County 1950-1951.” 
Air Pollution Control District, County of Los Angeles. 


Industrial Hygiene Section of APHA 


HE INDUSTRIAL Hygiene Section of the American Public Health Association an- 
"Weciaone the following program to be presented at the annual meeting of the Asso- 
ciation during the week of November 9, at the Statler Hotel in New York City. The 
program is a preliminary one, and final details will be announced later: 

November 10, 9:30 A.M.: “Pneumoconiosis of Coal Miners in the United States,” 
DR. JOSEPH MARTIN, Elkins, West Virginia; “Diatomite Pneumoconiosis,” DR. H. K. 
ABRAMS, Chicago, Illinois; “Health Educational Techniques in an Occupational Cancer 
Program,” speaker to be announced; “Maximum Utilization of Industrial Hygiene Per- 
sonnel,” DR. IRVING TABERSHAW, New York City. 

November 10, 2:00 P.M.: Business meeting of Section. 

November 11, 9:30 A.M.: Joint session with Medical Care Section on “Impact of 
Labor Health Plans on Public Health,” A symposium including presentations of several 
experiences and a paper by DR. W. A. SAWYER on “Labor Health Programs—A New 
Opportunity for Promiulgating Occupational Health.” 

November 11, 2:00 P.M.: Joint session with Engineering Section on “Integration of 
Environmental Health Programs,” speakers to be announced. 

November 12, 9:30 A.M.: Joint session with Sections on Epidemiology, Statistics and 
Food and Nutrition, “Methodology of Chronic Disease Studies,” speakers to be an- 


nounced. 


November 13, 9:30 A.M.: Joint session with Sections of Health Officers, Public Health 
Nursing and Health Education on “Cooperation between Local Health Departments and 


Industrial Hygiene Personnel. 
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ENGINEERING NOTES 


GLENN A. JOHNSON, Industrial Hygiene Engineer 


RSINE is considered one of the most toxic 

and insidious gases; a maximum allow- 
able concentration of 0.05 parts per million 
has been suggested by the American Con- 
ference of Governmental Hygienists. In- 
dustrial poisoning is often unexpected since 
very small amounts of arsenic, present only 
as an impurity, can result in dangerous 
quantities of arsine. 

The poisoning reported in this paper oc- 
curred during a leaching operation for the 
recovery of cadmium as a secondary output 
of a zinc smelter. The operation is carried 
out in a covered tank, No. 9A, eight feet in 
diameter, and vented to atmosphere by a 
stack which extends about 10 feet above 
roof level. The tank is located at ground 
level just outside the south wall of the leach 
plant building. The operation proceeds as 
follows: 

A recirculating liquor from one of the 
subsequent stages is put in the bottom of 
the tank and is made strongly acid by the 
addition of concentrated sulfuric acid. The 
resultant liquor is neutralized by roasted 
cadmium bearing dust which is brought to 
the tank by screw conveyor. The recirculat- 
ing liquor and the dust contain zinc, iron, 
lead, and arsenic as impurities, the recir- 
culating liquor containing about 60 mg./ 
liter of arsenic. The tank mixture is me- 
chanically agitated and heated by direct 
steam injection. 

The brief history which follows was es- 
tablished two days after the accident: 

At about 8:00 PM on Wednesday evening, 
February 6, 1952, a severe reaction occurred 
during the addition of concentrated acid 
to No. 9A tank. The shift foreman, who was 
inside the building at the time, noticed an 


This study was conducted by Mr. JOHNSON while asso- 
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ing Division, Monaca, Pennsylvania. He is now with The 
Inland Steel Company, East Chicago, Indiana. 


acid reaction odor (which resembles that of 
fried onions) so strong that he thought the 
tank had boiled over. Upon investigation, 
however, he noticed that the stack effluent 
seemed to be blowing down into the build- 
ing. Both of the men who were subsequently 
hospitalized were working inside the build- 
ing at the time—one on the third floor clean- 
ing a filter press and the other on the floor 
below pressing briquettes of cadmium 
sponge. The man pressing briquettes started 
to leave the building toward No. 9A tank; 
his co-worker stopped him and they both 
went outside the building on the side op- 
posite the tank. These men reported that 
the odor was noticeable at some distance 
away from the building. The worker at the 
filter press reported that he had not noticed 
any unusual odor; it was later discovered 
that the drip pan under the press was 
drained to No. 9A tank. 

At about 10 PM on Thursday evening, 26 
hours after the severe reaction, the worker 
who had been cleaning the filter press re- 
ported to his foreman that he was passing 
red-colored urine. The plant physician was 
notified, and the man was hospitalized for 
observation. Arsine poisoning was suspect- 
ed; but since this man had been taking 
medication for an anemic condition, it was 
felt that the hemoglobinuria might be due 
to causes other than arsine. Early Friday 
afternoon it was learned that the worker 
who had been pressing briquettes had also 
been voiding red-colored urine since Thurs- 
day evening. He was likewise hospitalized. 
By this time urine samples of all the men 
on that shift were in the laboratory for 
arsenic determination. The urine of the two 
hospitalized workers showed 1.0 and 0.6 
mg./liter of arsenic, while the other four 
workers on the same shift showed 2.0, 1.0, 
1.0, and 0.7 mg./liter of arsenic. These 
values were not corrected for specific grav- 
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ity. The two men who were hospitalized 
made uneventful recovery and returned to 
work after 12 days of lost time each. The 
other men did not lose time, but two of 
them received medical attention. The arse- 
nic in urine levels of the workers on the 
other shifts were between 0.05 and 0.20 
mg./liter except for one value of 0.35 mg./ 
liter. 

Prior to the accident, operations of No. 
9A tank had been checked for arsine gen- 
eration and at no time was it possible to 
find arsine outside the tank. Following the 
accident, the operation was checked again; 
no arsine was found outside the tank, al- 
though two to three parts per million could 
be detected over the liquor inside the tank. 
Sampling was done with a Willson welding 
fume hand pump adapted to hold mercuric 
chloride and lead acetate papers. Color 
stains were compared with the British 
standards! and corrected for sample volume. 
The hand pump is convenient for checking 
potential sources of arsine; to determine 
levels as low as 0.05 PPM, an unreasonable 
number of pump strokes is required. 

In order to prevent further exposure to 
arsine, a ventilating system was designed 
to control all potential hazard points. The 
system provided exhaust ventilation for 17 
tanks. For the most part, these were pre- 
viously vented to the atmosphere by wood- 
en natural draft stacks extending above roof 
level. Many of the tank liquors are agitated 
mechanically or with compressed air and 
heated by direct steam injection. The tanks 
have lead or cypress covers with various 
openings for inspection and operational 
purposes. The basic design figure chosen 
for the system was five cubic feet of air per 
minute per square foot of surface area. If 
all cover openings are closed, the volume 
exhausted is reduced; since no solids are 
handled, there is no need to maintain a 
minimum velocity in the ducts. The design 
figure proved to be adequate except for two 
tanks with large openings near the vent 
stack. The exhaust volume for these was 
increased 40%. All of the wooden stacks 
were left in place; connections were made 
to the stacks at convenient points and the 
stacks dampered above those points. In 
case of exhaust fan break-down, the tanks 
can be vented through the stacks. 

The exhaust gases are extremely cor- 
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rosive; a warm, condensing, acid condi- 
tion exists. For this reason, the system is 
constructed of Type 302 stainless steel 
throughout. Since no dust or abrasive ma- 
terial is handled in the system, light gauge 
sheet was used—24 gauge for ducts nine 
inches in diameter and larger; 26 gauge for 
all ducts smaller. Ductwork is of crimped 
and riveted construction. Several gas weld- 
ed elbows were initially installed but failed 
at the welds from corrosion. The light gauge 
stainless ductwork has served well since 
installation with a minimum of mainte- 
nance required. 

The exhaust mains from different sec- 
tions of the building lead into a chamber 
about five feet high by four feet wide and 
10 feet long. This chamber serves to elimi- 
nate condensate droplets which are carried 
toward the fan through the ducts. The 
chamber is provided with a drain and 
trap. The fan inlet is connected to the 
chamber near one end and the fan dis- 
charges into a nearby 168 foot masonry 
stack. The fan is a Buffalo 60-inch indus- 
trial exhauster completely rebuilt in the 
plant shops of Type 304 stainless steel. 
While the stainless model was being built, 
a similar fan of standard construction was 
used. In spite of several coats of acid- 
resistant paint, the impeller blades of 4- 
inch mild steel plate were corroded into use- 
lessness in a few weeks. The stainless fan 
has been in service over a year and shows 
no sign of deterioration. 

During the period after the accident, 
before the ventilation system was installed, 
all leach plant workers left the building 
during the addition of concentrated acid to 
No. 9A tank. An air sampling program 
was undertaken to locate all possible arsine 
sources. Ordinarily, no arsine could be 
detected during normal leach plant opera- 
tions. Several of the operators on each shift 
were taught the use of the hand sampling 
pump. In this way, an unusual occurrence 
at any time could be checked. This proved 
to be invaluable in uncovering several 
arsine sources which had not been previous- 
ly considered. One of these is of interest. 
About a month after the ventilation sys- 
tem was installed, one of the workers no- 
ticed an odor near a filter press on the third 
floor while a batch was being made in No. 
9A tank. Several tests for arsine were posi- 
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tive; the source being the drain from the 
drip pan under the press. The drain led 
into No. 9A tank; elimination of this con- 
nection was simple. The discovery of this 
source helped to explain the exposure of 
one of the workers who had been hospital- 
ized. The assistance afforded by the leach 
plant personnel was of much value; in addi- 
tion, these workers gained a better under- 
standing of the hazard and of the value of 
exhaust ventilation. 

Following the arsine poisoning, routine 
checks of arsenic in urine, red blood cell 
count, and hemoglobin were established for 
all leach plant employees. Each employee 
is checked every four weeks. The employees 
are divided into two groups, scheduled so 
that a set of determinations is made every 
two weeks. 

The chemical method for arsenic in urine 
utilizes direct generation of arsine from 
the urine in a Gutzeit generator. This meth- 
od is sufficiently sensitive for screening 
purposes. Arsenic in urine values have been 
below 0.1 mg./liter and are usually less 
than 0.06 mg./liter which are well within 
the normal range. 

Some interesting conclusions may be 
reached by a study of the blood test re- 
sults. The average red blood cell counts 
have not shown any significant change, re- 
maining at about 4,900,000. Hemoglobins 
are determined with a Haden-Hauser Hemo- 
globinometer. The average hemoglobin 
value has shown a gradual rise from 85% 
to about 90% over a period of 40 weeks, as 
indicated in Fig. 1. Each point represents 
the average of about 25 determinations, 
one for each of the employees who worked 
in the leach plant prior to the accident on 
February 6, 1952. The average length of 
employment at that time was about five 
years. The coefficient of linear correlation 
for the values from 0 through 40 weeks is 
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0.85 which indicates a fairly strong rela- 
tionship. The average hemoglobin value 
seems to be leveling off above 90%, and this 
compares favorably with the average plant 
value of 92%. 

It is apparent that leach plant hemo- 
globin values were lower than would be 
expected prior to the installation of exhaust 
ventilation, and it is probable that this was 
due to a chronic exposure to arsine. The 
exposure was not severe enough to produce 
any marked symptoms prior to the episode 
of February, 1952. Arsenic in urine levels 
of those workers not exposed at that time 
were below 0.20 mg./liter. A continuous 
workday exposure to 0.05 PPM of arsine 
would result in a urine level of 0.20 mg./ 
liter if 50% of the inhaled arsenic were 
eliminated in the urine. 

It is concluded that an exposure to arsine 
at levels as low as 0.05 PPM may result in 
reduced hemoglobin values; return of hemo- 
globin to normal is slow after elimination 
of the exposure. 
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Expert and Technical Testimony 


HE UNIVERSITY OF MICHIGAN announces a “Conference on Expert and Technical 

Testimony in Medical and Health Problems,” offered by the Institute of Industrial 
Health and School of Public Health. The conference will be held Wednesday, October 
21, 1953. The program is planned to present concise, fundamental information regard- 
ing rudimentary principles of court procedure, the obligations and privileges of expert 
witnesses and the rules, practices and limitations that govern testimony. 
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Dust Sampling 


WITH A ROTATING THERMAL PRECIPITATOR 


HERMAN CEMBER, THEODORE HATCH and J. A. WATSON 
Department of Occupational Health, Graduate School of Public Health 


N 1935, Green and Watson! described a 

thermal precipitator for dust sampling 
and determination of atmospheric particle 
concentration and size distribution. This 
instrument was based on the work of 
Aitken,? who demonstrated that hot objects 
are surrounded by a sharply delineated dust 
free space, the dimensions of which depend 
on the thermal gradient surrounding the 
hot body. When the temperature gradient 
is high, the force acting on the particle in 
the direction of the thermal gradient is suffi- 
cient to precipitate the particle on the cold 
surface. Green and Watson’s thermal pre- 
cipitator consists of an electrically heated 
nichrome wire, 0.007 inch in diameter, held 
taut midway between two cold microscope 
cover slips which are separated by 0.015 
inch. The thermal gradient is steep enough 
so that the dust free space surrounding the 
wire intersects the cover slips as the air 
passes between them and the hot wires. In 
consequence, the dust particles are precip- 
itated on the cold cover slips. 

As predicted by theory, the particles are 
precipitated according to size in the direc- 
tion of air travel. As a result of this sizing 
process, any one microscopic field does not 
contain a random size distribution, and 
size measurements must therefore be made 
across the entire deposit. In order to elimi- 
nate this disadvantage, several improve- 
ments have been incorporated into the ori- 
ginal device. One such improvement was 
initiated by Walton et al? who built a ther- 
mal precipitator with an oscillating collect- 
ing plate. The microscope slide is mounted 
in a carriage that is caused to oscillate by 
a motor driven cylindrical cam. 


This work was performed under U.S. Atomic Energy 
Commission Contract Number AT (30-1) -912. 


University of Pittsburgh 


This paper describes another method for 
obtaining a uniformly dispersed dust sam- 
ple which is achieved by rotating the collec- 
tion plate. In this manner the instrument 
may be more easily made and may be of 
smaller dimensions. 


Description of the Instrument 

HE DESIGN and operation of the instru- 

ment may be explained with the aid of 
Fig. 1. Parts A and B are held together with 
two screws to form the body of the instru- 
ment. Part B has a 1 cm. wide x 0.010 inch 
deep air channel milled longitudinally across 
the center. A nichrome wire C, 0.010 inch in 
diameter, is held in the ceramic insulator 
D. Tension is maintained by the use of 
spring E. The center line of the wire is in 
the plane of the bottom of the channel, thus 
providing a gap of 0.005 inch between the 
cold collecting plate and the hot wire. The 
ceramic insulator is cemented into place 
before the slot is milled. A square recess, 
into which a microscope cover slip is placed, 
is milled in the stainless steel rotor F to a 
depth equal to the minimum thickness of 
the cover slip. Variations in cover slip thick- 
ness are cared for by means of the spring 


Fig. |. 
Thermal precipitator assembly. 
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G, which keeps the surface of the cover slip 
against B at all times. The shaft of the 
rotor is slotted so that it may be driven by 
the cross pin H in the shaft of the 1 RPM 
synchronous motor J. The air sample. drawn 
through the instrument at the rate of ap- 
proximately 10 cm.* per minute by means 
of a water displacement pump, enters 
through K, passes between the hot wire and 
the cover slip, and is discharged through L. 
The temperature of the wire is adjusted so 
that the dust free zone surrounding the 
hot wire is tangent to the collecting plate. 
At this temperature the most dense particle 
deposit is in the center of rotation of the 
cover slip. If the temperature is too low, 
then no particles will be deposited. If the 
temperature is too high, then a clear zone 
will be observed in the center of the slide, 
followed by a zone of maximum density. If 
W in Fig. 2-a represents the wire, C the 
cold surface, and T the thickness of the 
dust free space, then the dust in the air 
stream traveling in the direction shown 
will be deposited on a line at X. perpendic- 
ular to the surface of this paper. Should 
the collecting surface rotate, then a clear 
circle of diameter XY will appear on the 
surface. Under the conditions shown in 
Fig. 2-b, no dust will be collected. If the 
dust free space is as shown in Fig. 2-c, then 
the dust will precipitate along the line Z, 
directly under the hot wire. The proper 
temperature is attained when a 2.4 ampere 
alternating current is passed through the 
wire. The operating temperature is a func- 
tion of the ambient temperature if the only 
avenue of heat loss is by radiation. The 
current is varied between 2.3 and 2.5 am- 
peres as the ambient temperature changes 
from 65° F. to 90° F. The temperature of 
the instrument may be held constant by 
means of circulating water, as shown in 
Fig.3.Due to the number of variables, prop- 
er operating temperature must be experi- 


mentally determined for each instrument. 

The instrument may be used to take sam- 
ples for examination with the electron 
microscope. To do this, a 14%” diameter 
sintered Alnico magnet (purchased from 
Terry Sales Company, Maumee, Ohio) is 
placed in the center of the rotor, or at any 
other radius within one-half the width of 
the air channel from the center of the 
rotor. The grid with the collodion mem- 
brane on it is then placed on the end of the 
magnet, and the instrument used in the 
usual manner. 

It should be noted in Fig. 4 that the 
dimension D on the rotor should be great 
enough so that dust particles will not be 
precipitated on the rotor. Dimension T 
should be great enough so that the electron 
microscope grid will not be knocked off 
during rotation. 

To use the instrument, part B is re- 


Fig. 3. 
Water cooled thermal precipitator. 
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Fig. 4. 
Rotor with magnet for electron microscope grid. 
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Fig. 5. 
Thermal precipitator, showing rotor and hot wire. 


moved, a cover slip is placed into the rotor 
F, and part B is replaced and fastened by 
means of thumbscrews. The synchronous 
motor, heater current, and water displace- 
ment pumps are then turned to take the 
sample. Figs. 5 and 6 are photographs of 
the thermal precipitator currently in use 
in this laboratory. The instrument is 
mounted directly on the dust chamber by 
means of flange K. 


Dust Concentration Measurements 
BECAUSE of the rotation of the collecting 
plate, the density of particle deposition 
decreases as the distance from the center 
of rotation increases. If the variation of 
the particle concentration with respect to 
radial distance is known, the total number 
of particles collected could be determined 
from a single count taken at some known 
distance from the center. 

If the particle concentration p is uniform 
at a distance r from the center, then the 
number of particles, dN on the differential 
area dA is: 

dN = However, 
p=f(r), and 


dA = 2rrdr 
@N=f(r) x 2zrdr 
(1) 


jr=e 


f(r), determined by fitting the line in Fig. 


7 by the method of least squares, is 


r= 


p = Be 


Fig. 6. 


Assembled view of thermal precipitator. 


- e rdr (2) 
jt=o 

Integrating, we get N = .102 po, (3) 
where po = particle density, number of 
particles per cm.” in the center. If particles 
are counted at any other distance from 
center, equation 2 may be solved for the 
particle concentration in the center, and 
the value thus obtained may be substituted 
into equation 3. 

It should be noted that the measured 
particle density was corrected for “coin- 
cidence loss,” or overlapping. The ratio of 
the number of particles counted to the 
number actually present, but not counted 
because of overlapping, is given by the 
formula of Irwin, Armitage, and Davies.4 
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Fig. 7. 
Particle density distribution curve. 


N = number counted 

C = true number 

A = area covered by particles 
d? = mean square diameter 

The area over which the particles were 
counted was 4 x 10* cm.2 and the mean 
particle diameter was 1.25 microns. 

From the curves of Fig. 7, it may be seen 
that the variation of particle density with 
respect to distance from the center is loga- 
rithmic over a radius of 0.5 centimeters 
only if the particle density exceeds about 
107 particles per cm.? in the center. At a 
sampling rate of 10 cm. per min., this cor- 
responds to a 30 minute sample of air con- 
taining 87 million particles per cubic foot. 
Curve a represents a sample that meets 
this requirement. Curves b and ec, which 
are asymptotic, have fewer than the re- 
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quired number of particles. Should an in- 
strument be required to sample atmos- 
pheres whose dust concentration would dic- 
tate an unusually long sampling time, the 
precipitator may be modified by reducing 
the radius of the collecting plate. Since the 
initial slopes of the distribution curves are 
the same, a logarithmic distribution over 
the entire deposit may be achieved with 
fewer particles. It should be noted, how- 
ever, that regardless of the diameter of the 
collecting plate, a certain minimum num- 
ber of particles must be precipitated to have 
a logarithmic distribution. Equation 3 is 
restricted only to those deposits where the 
density distribution is logarithmic. 

The existence of an asymptote is to be 
expected. The difference between the linear 
velocities of two points on radii (r) and 
r + Ar is much greater if r is very small 
than if r is large. Since adjacent areas at 
relatively great distances from the center 
of rotation will be traveling at approximate- 
ly equal linear velocities, the density of the 
deposit will approach an asymptotic value. 


Summary 


THERMAL precipitator with a rotating 
collecting plate is described. As a re- 
sult of the rotation, a deposit in which the 
particles are randomly distributed with re- 
spect to size is obtained. The instrument is 
small, mechanically simple, and easy to use. 
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Health Safety Considerations 
in the disposal of radioactive wastes 


FORREST WESTERN, Ph.D., U.S. Atomic Energy Commission 


Washington, D.C. 


Bp somy the past eight years much has 
been said and written about the pos- 
sible effects of the release of radioactive 
wastes into our environment. Spectacular 
accomplishments in the production and ap- 
plications of atomic energy, together with 
the novelty of this field, have led to con- 
siderable speculation with wide differ- 
ences of opinion as to the minimum quanti- 
ties of discharged radioactive wastes which 
may be hazardous to individuals, to groups 
of individuals, or to life in general. It is 
inevitable that lack of over-all perspective 
should lead outstanding specialists in a 
number of related fields to exaggerated 
expressions of concern which have fre- 
quently made startling news stories. 

We now have more than ten years ex- 
perience in the handling of large quantities 
of radioactive materials under widely di- 
verse conditions. During this period we 
have made extensive experimental studies 
of the behavior and biological effects of 
the more significant radioisotopes, both in 
laboratories and when released into the 
environment under selected conditions. 
These studies not only have failed to dis- 
cover any unexpected biological or ecological 
hazards but are providing quantitative re- 
lationships upon which we can build increas- 
ingly realistic practices in the control of 
radioactive wastes with confidence in the 
margin of safety to public health which they 
afford. With the present trend toward a 
greatly expanded production and use of 
radioactive materials, it may be expected 
that during the next several years the rou- 
tine control of radioactive wastes will be- 
come as commonplace to persons interested 
in problems of industrial and public health 
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as is the control of many hundreds of other 
dangerous materials frequently involved in 
modern industrial operations. 

The purpose of this discussion is to out- 
line the general nature of the problem of 
ensuring health protection in radioactive 
waste disposal by indicating with necessary 
brevity some of the general consider- 
ations applicable to the determination of 
standards of limitation of human exposure 
to radioactive materials and some of the 
specific considerations which may arise in 
connection with local situations. However, 
it is not intended nor, indeed, is it con- 
sidered practical to provide in a general 
discussion detailed answers to questions 
which depend upon local physical features. 


Standards of Limitation of Human Exposure 


M4 OF OUR extensive experience with 

chronic exposure of man to radiation 
over long periods of time and at levels 
significantly above natural background has 
been of three sorts: (1) the incidental ex- 
posure of technical, scientific and profes- 
sional personnel in connection with experi- 
mental, diagnostic and therapeutic use of x- 
rays; (2) similar exposure to the radiation 
from radium outside the body; and (3) ex- 
posure to radiation from radium more or 
less permanently fixed in the skeleton of the 
body. The first two categories of experience 
lead to the currently accepted recommenda- 
tion that the maximum permissible rate 
of whole body exposure to x and gamma 
radiation of quantum energies below 3 
Mev. shall be 0.3 roentgen per week, meas- 
ured at the depth of the blood forming 
organs assumed to be at an average depth 
of 5 cm. from the surface of the body. The 
third category of experience leads to the 
recommendation that the maximum permis- 
sible skeletal content of radium shall be 
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0.1 micrograms. It must not, however, be 
inferred that the sum total of our experi- 
ence with the effects of radiation as it re- 
lates to human exposure can be character- 
ized thus simply. 

In the discussion of possible hazards 
due to the disposal of radioactive wastes, 
we are primarily interested in hazards re- 
sulting from radiations from radioactive 
materials which have been taken into the 
body as a result of their occurence in air, 
water or food supplies. However, since the 
biological data upon which maximum per- 
missible levels of exposure to these ma- 
terials are based are customarily based on 
either the value of 0.38 roentgen per week 
or the value of 0.1 microgram of radium in 
the skeleton, it is appropriate at this point 
to consider the applicability of these values 
of maximum permissible rate of exposure 
to the determination of standards for the 
discharge of radioactive wastes. 

The above statements of recommended 
maximum permissible levels of exposure to 
radiation, either from sources external to 
the body or from radium within the body, 
set no limits on the length of time for which 
the exposure may be incurred at these 
rates. Because the experience upon which 
this recommendation is based is principally 
that of occupational exposure of healthy 
adults, we may assume that these levels are 
at least applicable to persons in good health 
through periods similar to those in which 
exposure has commonly been incurred for 
occupational reasons. However, since at 
higher rates of radiation exposure some 
of the effects of radiation depend upon the 
total exposure as well as upon the rate at 
which it is incurred, caution suggests that 
we inquire whether the margin of safety 
contained in these recommendations is 
maintained when they are applied to condi- 
tions in which the exposure may persist 
throughout the entire lives of persons living 
in the vicinity of some such operation as 
a nuclear power plant. 

Our concern on this point is heightened 
by a number of considerations. The observ- 
able damage to rapidly growing tissues, as 
in young children and particularly at cer- 
tain stages in the development of the fetus, 
occurs at lower dose levels than to more 
slowly growing tissues. The uptake of some 
chemical elements by body tissues also de- 
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pends upon such factors as age and condi- 
tion of health. It may be observed, too, 
that while few of the radioisotopes are of 
genetic concern from the point of view of 
internal dose, if one were concerned primar- 
ily with such radioelements as _ tritium, 
carbon, sodium and phosphorus, it should be 
recalled that the average cumulative genetic 
effects resulting from a constant rate of ex- 
posure from the beginning of life will be 
many times greater than if exposure is 
only incidental to occupation. 

Some of the effects of exposure to radi- 
ation at unsafe levels occur only after peri- 
ods of many years. It might follow that 
rates of exposure which have been judged 
from occupational experience to be safe 
may not be found to be so if the periods 
of exposure at these rates are lengthened 
to full lifetimes. This point of view is sup- 
ported by the following argument. At high- 
er rates of exposure, the occurrence of cer- 
tain adverse effects of radiation has a prob- 
ability which depends both upon the rate 
of exposure and upon the time that has 
elapsed since the exposure began. If the 
probability of such an effect were not re- 
duced absolutely to zero at these recom- 
mended maximum permissible levels, it 
might be assumed on this basis alone that 
the probability of the ultimate occurrence 
of the effect in an individual would be in- 
creased by starting his exposure at an 
earlier age. 


Maximum Permissible Body Content 


It IS INAPPROPRIATE to discuss here details 

of the determination of specific values 
of maximum permissible body content 
of various radioisotopes. These details 
are discussed in the report of the Sub- 
committee on Internal Dose of the National 
Committee on Radiation Protection, issued 
March 20 by the National Bureau of Stand- 
ards as Handbook 52. This handbook gives 
recommended maximum permissible values 
of body content for each of some 70 radio- 
isotopes of current interest. While certain 
factors involved in the derivation of these 
values undoubtedly give a larger average 
margin of safety than is involved in the 
basic maximum permissible levels from 
which they are derived, they are still sub- 
ject to the question of whether or not they 
are equally appropriate for industrial ex- 
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posures and for lifetime environmental ex- 
posures. 

In view of the considerations discussed 
above, until we are more certain as to how 
the effects of exposure to radiation at these 
low levels may depend upon the age of the 
individual at the time the exposure is be- 
gun, it appears appropriate to use 
lower maximum permissible values of 
body content of the various radioisotopes 
for lifetime environmental exposure than 
for industrial exposure. While there is little 
direct quantitative evidence upon which to 
base a differential factor, the general na- 
ture of the conditions involved suggests the 
use of an uncertainty factor in the range 
of from 3 to 10. Since it may be assumed 
that any respective values of maximum 
permissible levels used for these two pur- 
poses will be subjected to continuous scru- 
tiny, either of them or the ratio between 
them should be readily subject to increase 
or decrease as justification for such changes 
may become apparent. 


Application to Release of Wastes 

N CONSIDERING the extent to which stand- 

ards of radiation protection based on 
industrial experience may not be applicable 
to lifetime environmental exposures, we are 
concerned with radiation dosage rates from 
radioactive materials within the body, and, 
consequently, with the body content of such 
materials which would produce these dosage 
rates. From the point of view of one whose 
interest is that of limiting the release of 
radioactive materials to safe values, the 
question of immediate interest is this: At 
what rates or in what quantities can these 
materials be released without resulting in 
their accumulation in excessive quantities 
in the bodies of persons living or working 
in areas affected by their release? This 
question naturally divides itself into two 
phases: (1) at what rates can these ma- 
terials be taken into the body without their 
accumulation in the body ultimately exceed- 
ing the maximum permissible body con- 
tent; and (2) how are the rates of release 
or quantities released related to the quanti- 
ties appearing in the air, water, or food 
supplies of any person or group of persons? 

Whether or not the first of these two 
questions is simpler than the second, it is 
more readily disposed of here because of 
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the extensive work on this subject by the 
Subcommittee on Internal Dose of the Na- 
tional Committee on Radiation Protection. 
In National Bureau of Standards Handbook 
52 the Committee has given as maximum 
permissible concentrations in air and water, 
of the radioisotopes covered by its recom- 
mendations, those concentrations estimated 
to result in maximum permissible values of 
body content if the air or water in question 
is used continuously as a sole source of 
supply. While the recommendations of 
Handbook 52 do not specifically cover the 
occurrence of these radioisotopes in food 
supplies, they may readily be extended to 
include this case by assuming that the 
maximum permissible rate of intake* into 
the digestive system is independent of 
whether or not the material occurs in the 
water supply or in food. 

In the application of the maximum per- 
missible concentrations recommended in 
Handbook 52, it may be observed that with- 
in appropriate limits one is interested in 
average rates of intake rather than in 
transient values. The length of the period 
of time over which averages can be taken 
without exceeding maximum permissible 
values of body content depends upon the 
ratio of the average rate of intake to the 
maximum permissible constant rate and 
upon the effective half-life** in the body 
of the particular radioisotope involved. In 
any event, comparison with current prac- 
tice in limitation of exposures to radiation 
from external sources suggests that the 
periods over which rates of intake are aver- 
aged need not be less than one week. 

The determination of relationships be- 
tween concentrations and quantities of 
radioactive materials released into the en- 
virons and the probable resultant occur- 
rence of these materials in air, water, or 
food supplies will require the evaluation 
of factors which may differ greatly from 
one case to another. These factors may in- 
clude the manner in which the material is 
released; location of points of release; rel- 


*From the assumptions made in NBS Handbook 52, 
the maximum permissible rate of intake of a radioiso- 
tope into the digestive system, measured in microcuries 
per day, is 2300 times the maximum permissible concen- 
tration in water, measured in microcuries per milliliter. 

**The term effective half-life is defined in Handbook 
52, and values for particular radioisotopes are given in 
Table 4, Column 8. 
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ative locations of air and water supplies 
for residential, industrial, or agricultural 
areas; and the various physical features of 
the area in which the release occurs. Physi- 
cal features of frequent interest include 
the characteristics of soils and their sub- 
strata and of local geology, hydrology, and 
meteorology. The evaluation of factors 
which, in the case under consideration, may 
be critical should be performed by special- 
ists in their study and interpretation. 


Disposal into Flowing Streams 

HE TYPE of release of radioactive ma- 

terials for which estimates of maximum 
permissible rates of release can be most 
readily made is that of water-borne wastes 
into a flowing stream. Where mixing is 
sufficiently good that the average concen- 
tration of radioactive materials in the 
water drawn from the stream is equal to 
their average concentration in the stream, 
a knowledge of the volume rate of flow 
of water at the point of withdrawal enables 
one to estimate the highest average con- 
centration to be expected in the water sup- 
ply. Actual concentrations may be much 
less due to the removal of activity from the 
water by silting and by water treatment 
processes. From the point of view of public 
health, an important characteristic of this 
type of release is that the points at which 
the radioactive material can appear in water 
and food supplies are readily determined 
and estimated concentrations are subject to 
verification and revision. 

An obvious factor of possible concern is 
the occurrence of radioactive materials in 
fish used for food. As in nearly all of the 
problems involved in the release of radio- 
active wastes, evaluation of this factor must 
be made on the basis of local conditions. 
Although some of the organisms in the 
food chains of fish may concentrate certain 
radioisotopes by very high factors, in gen- 
eral the over-all factors of concentration 
in fish are not high. Exceptions occur with 
some radioisotopes, especially in cases in 
which the radioisotope happens to be of 
an essential chemical element in which the 
water is deficient. Variations also occur 
with different kinds of fish. Concentrations 
of some radioelements occur principally in 
scales, bones, or other organs not used for 
food. Evaluation of the importance of the 
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occurrence of radioactive materials in fish 
is not complete until an estimate is made 
of the maximum resultant rate of intake of 
these materials by any person. 


Disposal into the Atmosphere 

HE PROBLEM of the determination of safe 

rates of release of radioactive materials 
into the atmosphere has much in common 
with that of determining safe rates of re- 
lease into flowing streams. Average con- 
centrations at points at which the air is 
first available for breathing will depend 
upon distance, upon the altitude at which 
release occurs, and upon average meteoro- 
logical conditions. As in the case of release 
into streams, the points at which the ma- 
terial can appear in air and food supplies 
are readily determined and estimated con- 
centrations are subject to verification. It 
should be noted that under certain circum- 
stances, the safe rate of discharge of a par- 
ticular radioisotope into the atmosphere 
may be limited by its deposition on vegeta- 
tion used for food or feed rather than by 
concentrations in air at accessible points. 


Discharge into Sanitary Sewers 

‘OR MANY laboratories, hospitals, and other 

operations using radioisotopes, the most 
convenient method of disposal of such ma- 
terials in solution is to discharge them into 
the sanitary sewer system. Small experi- 
mental animals may be discharged into the 
sewer system through the use of mechanical 
blenders. In a great many cases, the quanti- 
ties of radioactivity involved will be so 
small that a cursory examination will 
disclose that no hazard is involved. The 
National Committee on Radiation Protec- 
tion presents in National Bureau of Stand- 
ards Handbook 49 recommendations to hos- 
pitals for disposal in sewers of radioative 
iodine and radioactive phosphorus. 

In cases in which the quantities of radio- 
activity involved are sufficiently large to 
require careful study, in addition to the 
considerations which apply generally to the 
discharge of radioactive materials into 
running streams, safe rates of discharge 
into sewer systems may conceivably be 
limited by the accumulation of the radio- 
activity in sludge used for the fertilization 
of crops. Where sewer systems discharge 
into the earth through lagoons or similar 
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devices, the quantities of radioactive ma- 
terial which may safely be discharged into 
the sewer may be limited either by the 
concentrations of radioactive material 
which will occur in the vicinity of the point 
of discharge or by the resultant concentra- 
tions which may occur in ground waters. 


Disposal into the Earth 


(CONSIDERATION of the conditions under 
which radioactive materials may safely 
be released into the earth may arise for 
various reasons. In some locations there 
are no continuous surface streams and in 
these, discharged process waters, together 
with any residual radioactivity which they 
may carry, are in effect discharged into the 
earth. Some types of operation result in 
the contamination of equipment and other 
materials with quantities of radioactivity 
which make disposition of the material diffi- 
cult. Under conditions in which these can 
be buried without hazard, this method of 
disposal may offer distinct advantages. 

In the operation of reactors at high 
power levels, radioactive wastes are pro- 
duced at rates greater than those at which 
they can be released into water or air. 
Large fractions of such wastes may be sep- 
arated from process fluids and concentrated 
for retention. Under some conditions one 
is interested in the possibility of releasing 
such material into the earth, either inten- 
tionally or accidentally. 

The principal hazard likely to be associ- 
ated with the burial of relatively small 
quantities of radioactive materials is that 
they will be accidentally recovered under 
hazardous conditions. For large quantities 
of material the hazard lies in the possibility 
that the radioactivity will find its way into 
water supplies in dangerous concentrations. 
In some cases, the physical structure of the 
overburden of soil, the rate of migration 
and the rate of radioactive decay of the 
radioisotopes involved, the depth of the 
water table and flow of the ground water 
are of such a nature as to preclude any 
significant hazard. In other cases, unfavor- 
able characteristics of one or all of these 
factors may prohibit burial* or other re- 
lease into the earth. Fortunately, many of 


*The term burial as used here does not include under- 
ground storage in drums, tanks, or other impervious 
containers. 
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the radioisotopes of which maximum per- 
missible rates of intake into the body are 
low either have short half-lives or migrate 
very slowly through common soils, or both. 


Disposal into the Oceans 

HE LEAST hazardous place to bury radio- 

active wastes appears to be in the oceans, 
beyond the continental shelf. If materials 
are packaged in such a manner as to ensure 
their reaching the bottom at depths of the 
order of a thousand fathoms or more, the 
physical and biological processes by which 
they can diffuse outward and upward after 
disintegration of the package are of such 
a nature that it may be expected that tre- 
mendous quantities of radioactive material 
would be required to produce any detectable 
increase in the radioactivity of water or 
ocean life near the surface. At the present 
time, disposal by this method appears to 
be limited only by the cost of packaging to 
meet the requirements of safe handling and 
by the cost of transportation. 


Summary and Conclusion 


‘THE EXTENT to which a radioisotope may 
safely be released into the natural en- 
vironment depends upon the rate of intake, 
averaged over appropriate periods of time, 
of the radioisotope by persons working or 
living in the affected area. Under many con- 
ditions, large quantities of a radioactive 
material may be released with certainty 
that resultant rates of intake will be far 
less than maximum permissible values. 

Re!>\se under conditions in which aver- 
age resultant concentrations in air, water 
and food supplies may not be readily meas- 
urable or are not subject to continuous con- 
trol will, in general, require either a higher 
degree of confidence in original estimates 
of safe quantities or application of a larger 
margin of safety. 

The ranges of quantities of material, 
rates of release, or concentrations at the 
point of release which will be safe under 
various sets of conditions are so wide that 
it is impossible to determine realistic upper 
limits except by evaluation of the condi- 
tions which actually exist in any particular 
case. Health safety standards should, in 
all cases, be based upon resultant rates of 
human intake rather than upon arbitrary 
limitation of quantities released. 
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SPECIFICATIONS FOR CALCULATING 


The Median Effective Dose 


CARROL S. WEIL, M.A., Senior Industrial Fellow 
CHARLES P. CARPENTER, Ph.D., Senior Industrial Fellow 
HENRY F. SMYTH, JR., Ph.D., Administrative Fellow 
Mellon Institute of Industrial Research, Pittsburgh 


HE DETERMINATION and calculation of 

quantal (all-or-none) response is of 
importance in many fields. Whenever the 
measurement of the reaction to any stim- 
ulus, be it physical, chemical or biological, 
is expressed, quantitation becomes neces- 
sary. For toxicological studies the response 
measured is death; in the evaluation of in- 
secticides it may be death or knock-down, 
while in the assay of drug potency it may 
be prevention of death. The test subjects of 
all biological assays exhibit extreme varia- 
bility in response and for this reason large 
numbers of animals are usually tested to 
estimate the median-effective amount of the 
agent under examination. 

In animal tests practical considerations 
dictate that the operation be performed 
with the maximum economy consistent with 
accuracy of results. The limiting factors 
are: cage space, the cost of animals, the 
time required for the care, dosing and ob- 
servation of large numbers of animals, and 
the necessity of testing numerous materials. 
Therefore, the most precise and economical 
methods have been sought that would allow 
an accurate estimation of the median- 
effective dose or LD;,.). Specifica- 
tions of this type cannot be based on mere 
opinion or educated guess—they must be 
derived by statistical evaluation of experi- 
ments designed to determine their validity. 

The data presented here and used to es- 
tablish the requirements for an accurate 
economical estimation of the ED;, are an 
outgrowth of such an effort of the Chemical 
Hygiene Fellowship at Mellon Institute of 
Industrial Research. They are based on 
single oral or single percutaneous applica- 
tions of chemicals to rats and rabbits. The 


animals were observed for 14 days after 
dosing and those that died were autopsied 
to expose extraneous causes of death. The 
individual make-up of each set of experi- 
ments will be discussed briefly under the 
following categories: number of animals 
dosed, sex differences, ratio between succes- 
sive dosage levels, estimation of a fiducial 
range and the method of calculation of the 


Number of Animals Dosed 


T° DETERMINE the effect of the number of 

animals used per dosage level on the cal- 
culated value of the LD;», rats that weighed 
between 90 and 120 gms. were dosed with 
a 10% aqueous dispersion of an insecticide. 
A summary of the results is presented in 
Table I. The ratio between successive dosage 
levels and the range is given for later dis- 
cussion. As mortality is the response meas- 
ured, all median-effective dose levels are 
henceforth denoted as LD; ss or more ex- 
plicitly the lethal dosage for 50% of the 
animals treated. 

The prime purpose of this type of single- 
dose experiment is to determine as accurate- 
ly as possible the toxicity of a chemical. 
The measure most often used to express 
this dosage is the median-effective dose or 
LD;». It may be seen from Table I that, for 
practical purposes, the LD, 9 values were 
almost identical using 3, 4, 5, 6, 7, 8, 9, or 
10 animals per level when the ratio between 
dosage levels was 1.26. The same is sub- 
stantially true for a ratio of 2.0 when 3, 4, 
5, or 6 rats were dosed per level. 

In this laboratory a distinction used to 
be made between the so-called advanced and 
range-finding single oral toxicity test name- 
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TABLE I. 
RESULTS OF VARYING RATIO BETWEEN DOSAGE 
LEVELS AND THE NUMBER OF RATS PER LEVEL 


Animals Ratio Range 
per Between in 
evel Levels LDso 1960LDs Range Gm./kg 
5 5.0 5.59 
5 2.0 3.73 (2.68 to 5.21) 2.53 
5 1.28 3.77 (3.03 to 4.69) 1.66 
5 1.26 4.07 (3.33 to 4.98) 1.65 
3 2.0 4.49 (2.86 to 7.06) 4.20 
4 2.0 4.00 (2.85 to 5.61) 2.76 
5 2.0 3.73 (2.68 to 5.21) 2.53 
6 2.0 3.56 (2.68 to 4.74) 2.06 
3 1.26 4.03 (3.25 to 4.98) 1.73 
4 1.26 4.21 (3.55 to 5.00) 1.45 
5 1.26 4.07 (3.33 to 4.98) 1.65 
6 1.26 3.90 (3.30 to 4.61) 1.31 
7 1.26 3.92 (3.38 to 4.55) 1.17 
8 1.26 3.86 (3.40 to 4.40) 1.00 
9 1.26 3.82 (3.41 to 4.29) 0.88 
10 1.26 3.80 (3.43 to 4.40) 0.77 
TABLE II. 
ADVANCED VS. RANGE-FINDING LD,;, 
Range Range 
Advanced Finding Advanced Finding 
0.52 0.56 4.36 4.07 
1.67 1.86 5.10 5.12 
1.93 2.07 5.35 5.62 
2.08 2.13 5.70 5.21 
2.58 2.30 5.84 5.78 
2.59 2.30 6.31 5.98 
2.86 2.70 6.63 7.06 
2.91 2.96 7.15 6.74 
3.10 2.96 7.53 8.65 
3.34 2.58 8.47 8.16 
3.98 4.07 9.43 8.90 
4.17 3.46 10.60 10.24 


ly: the former when 10 animals were dosed 
per level at a ratio of 1.26 between levels and 
range-finding (R.F) when five animals were 
dosed using a ratio of 1.26 or 2.0. In 1950 
the advanced (Adv.) LD;9s of 24 materials 
calculated by the use of probits were com- 
pared with the R.F. value that would have 
been calculated if the mortality ratio for 
the first five animals dosed per level had 
been used. The latter calculation was made 
by the method of moving averages. The 
values are presented in Table II. 
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The mean Adv. LD; 9 is 4.76 while that of 
the R.F. is 4.64. The relationship between 
the two series of values, as calculated by 
the correlation coefficient, is + 0.988 where 
1.0 is perfect correlation. The equation of 
best fit, caleulated by the method of least 
squares, is Y = 0.1718 + 0.9876X where Y 
is the Adv. and X is the R.F. LD; . The 
standard error of estimate of Y from X is 
0.3912. 

The data summarized in Table II indi- 
cate that five animals are practically as 
good as 10 to determine the LD;). On com- 
paratively inexpensive animals, such as rats, 
this reduction is sufficient. However, on 
larger animals, such as rabbits, substan- 
tial reduction in cost would result if fewer 
than five animals per level were justified on 
the basis of accuracy. Therefore, the LD;» 
values obtained from single percutaneous 
dosing of five rabbits per dosage level were 
compared with those which would have been 
obtained if only the first four of the five 
per level had been dosed. The results are 
presented in Table III. 

The mean LD;, values using five rabbits 
per level is 3.17; that with four per level 
is 3.038. The coefficient of correlation be- 
tween the LD;,s calculated using four or 
five animals per level is + 0.977. This is 
definitely significant of the positive rela- 
tionship between the values. Therefore, 
to determine the LD;,) with reasonable con- 
fidence in its accuracy the use of either 
four or five animals per dosage level is 
sufficient. 


Sex Differences 


O ASCERTAIN whether sex differences 
played an important role in determining 
LD; 9s, a review of a study of 38 compounds 
where both sexes had been dosed was car- 
ried out. The LD;,9s that resulted when five 
animals of each sex were dosed at each 


TABLE III. 
LD, ) VALUES USING Four OR FIVE RABBITS PER DOSAGE LEVEL 
IN THE SKIN-PENETRATION TEST 


0.25 © 0.31 0.63 0.59 1.50 1.78 4.76 4.36 
0.30 0.31 0.64 0.55 1.68 1.87 5.31 5.90 
0.30 0.36 0.64 0.65 2.52 2.24 7.13 5.66 
0.36 0.41 0.71 0.62 2.83 3.25 7.13 8.19 
0.40 0.43 0.85 0.82 3.00 3.10 10.00 12.31 
0.42 0.54 1.06 1.09 3.00 3.56 10.00 12.31 
0.48 0.43 1.13 1.23 3.56 3.56 14.14 12.31 


_ 
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TABLE IV. 
VALUES WHEN FIvE RATS 
WERE DOSED PER LEVEL 
(ratio = 1.26) 


Male Female Male Female Male Female 
0.04 0.05 3.84 3.66 8.68 11.26 
0.10 0.10 4.29 2.46 10.30 8.24 
0.18 0.18 4.29 2.59 11.26 9.80 
0.77 1.04 4.67 4.87 11.26 11.26 
1.48 1.48 5.66 4.36 15.40 18.64 
1.54 1.41 6.13 6.64 17.04 22.48 
1.83 1.41 6.48 6.16 17.04 29.67 
2.24 1.62 6.50 4.92 19.57 9.80 
2.46 1.87 6.50 6.50 23.00 9.30 
2.46 3.76 6.50 9.80 25.90 17.00 
2.58 2.30 7.06 7.27 26.20 26.20 
2.59 2.46 7.27 5.62 74.00 $1.60 
3.10 2.45 7.46 7.46 


level are given in Table IV. The only ele- 
ment under control that differed in this 
study was sex; in all instances the number 
dosed per level and the ratio between dosage 
levels was constant (1.26). Rats of the same 
stock, age and weight were used for each 
material. 

The coefficient of correlation of the LD;,s 
for males versus females is + 0.955 indicat- 
ing a significant relationship. This being 
true, it then became possible to add to these 
88 cases 105 additional instances where 
males were dosed on levels that differed by 
a ratio of 1.26 and females on dosage levels 
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that differed by a ratio of 2.00. These addi- 
tional values are preserted in Table V. 

The coefficient of correlation of the LD5os 
of the 143 materials of Table IV and V is 
+ 0.961. The mean of the LD; s for the 
males is 8.36 and for females 8.96 gm./kg. 
The best fit line for the 143 pairs of points 
is Y = 0.3149 + 0.8983X where Y is the 
LD; for females and X = the LDso for 
males. 

The standard error of estimate of Y from 
X is 3.45 which is too high to allow the use 
of one value to determine the other LDsgp». 
This is true largely because the values of the 
LD; 9s included in this comparison range 
from less than 0.1 to almost 100 gm./kg. 
As the standard error of estimate is the 
standard deviation (S,) times V1 — r? (r = 
the correlation coefficient), the S, is the 
factor that is necessarily large when the 
range of LD; ) values is large. To reduce 
this, subdivision of these data could be 
made so the range would be smaller, thus 
lowering the standard deviation. These re- 
lationships are presented in Table VI. 

When the 1.960LD,;, ranges of these 143 
pairs of values are compared, only eight 
of those of the males did not include the 
range of the 1.960LD;, of the females. In 
other words, 135 of the 143 indicated that 


TABLE V. 
LD;, VALUES WHEN Five RATS WERE DosEeD PER LEVEL 
(ratio = 1.26 for males; 2.00 for females) 


Male Female Male Female Male Female Male Female 
0.14 0.14 2.04 2.46 3.84 4.92 8.16 6.50 
0.19 0.20 2.17 2.46 3.88 4.29 8.16 11.26 
0.42 0.82 2.34 2.14 3.90 3.25 8.24 7.12 
0.46 0.54 2.43 3.08 3.90 4.36 9.16 9.80 
0.67 0.47 2.58 2.46 4.07 4.92 9.61 10.32 
0.73 0.55 2.59 2.83 4.09 5.65 9.70 11.26 
0.73 0.57 2.70 1.87 4.13 2.59 10.30 9.80 
0.77 0.71 2.74 1.87 4.59 5.66 10.40 11.26 
0.96 1.41 2.74 2.83 4.73 3.73 11.23 11.26 
1.07 1.41 2.74 2.83 4.89 2.83 12.12 11.26 
1.12 0.94 2.82 1.19 4.89 4.29 13.70 9.80 
1.22 1.35 2.82 1.78 5.16 4.29 14.13 12.93 
1.29 1.09 2.82 2.83 5.37 3.73 14.80 14.10 
1.31 1.30 2.96 1.78 5.46 3.25 20.40 22.50 
1.33 0.78 2.91 2.46 5.62 4.94 20.50 28.30 
1.35 0.94 2.91 2.46 6.13 4.29 28.25 29.67 
1.48 0.82 2.96 4.29 6.13 7.46 28.30 28.30 
1.48 2.82 3.08 3.73 6.16 5.66 29.10 25.80 
1.63 1.23 3.25 3.25 6.48 6.50 29.58 38.90 
1.70 1.62 3.25 4.29 6.48 8.53 31.00 28.30 
1.78 1.41 3.26 2.14 6.75 4.29 32.50 30.80 
1.78 1.87 3.26 2.83 6.86 4.92 34.00 28.30 
1.78 2.59 3.40 1.83 7.06 4.92 38.80 34.50 
1.86 2.14 3.40 2.59 7.40 7.46 47.30 22.50 
1.95 1.41 3.46 4.29 7.40 9.80 48.70 44.70 
2.04 1.23 3.84 3.73 8.12 5.66 51.60 33.90 
93.20 81.90 
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TABLE VI. 
RELATIONSHIP BETWEEN THE RANGE OF LD;, AND THE VARIANCE 
IN THE COMPARISON OF THE LD,, OF FEMALE (Y) TO MALE Rats (X) 


No. of Standard Standard Error 

Pairs of Range in Correlation Deviation of Estimate Best Fit Line; 

Values LDsos of Males Coefficient of Y of Y T= 
128 0.04 to 93.2 + 0.963 12.46 3.36 0.2354 + 0.9143X 
13 0.04 to 0.96 + 0.862 0.40 0.20 1.1047X — 0.0019 
61 1.07 to 4.89 + 0.735 1.20 0.82 0.4500 + 0.8515X 
28 5.46 to 9.70 + 0.705 2.36 1.66 1.4271X — 0.3179 
26 10.3 to 93.2 + 0.928 19.67 7.33 0.9015X + 0.7658 


the values for the male and female LD;o 
were similar. This is 94.4% when one would 
theoretically expect 95% — remarkable 
agreement with theory. It may be con- 
cluded that in the data analyzed there is no 
reason to calculate the LD;, for males and 
females separately. One or the other is 
a good enough estimate of the toxicity of a 
chemical. Only once in 20 times did a chem- 
ical tested differ in toxicity between males 
and females. It should be mentioned that 
the experience in this laboratory is not 
complete proof that the same situation 
would hold for all compounds. Most of the 
chemicals tested were aliphatic organic 
chemicals. Whether the same relationship 
would hold if most of the compounds were 
aromatic amines, for example, could be 
determined only by actual comparison. 
Furthermore, it is known that some chem- 
icals have specific actions which cause a 
marked sex difference in toxicity. 


Ratio Between Dosage Levels 


S INDICATED in Table I and definitely 

shown in Table V, either 1.26 or 2.00 is 
a satisfactory ratio between successive 
dosage levels for the calculation of the 
LD; 9. A value much larger than 2.0 gives 
an inaccurate result, e.g., 5.0 in Table I. 
In general as this ratio is decreased more 
animals will be needed to find the four 
dosage levels that surround the LD,». 
One can guess at the first two dosage levels 
to try with a new chemical by finding pre- 
vious information on the LD;, of a chemical 
of similar structure. If these levels are far 
enough apart, at least one of them will be 
included in the actual calculation of the 
LD;9. But for the economical LD;, calcula- 
tion on the evidence presented in Table V 
the ratio of 2.00 appears to be the most 
satisfactory. 

Another consideration must enter in the 


final answer to the question of the number 
of animals to dose and the ratio between 
dosage levels. The best estimate of the mean 
of the general population of a variable is 
the mean of a sample of that population. 
Consequently, any accurate method of cal- 
culation of the midpoint of a sample, here 
the LD.,», will be satisfactory if enough 
animals are dosed on levels not too far apart 
that encompass the value of the midpoint. 
Up to this point it has been concluded that 
four or five animals per dosage level with 
levels differing by a ratio of 2.0 are satis- 
factory qualifications for this calculation. 
However, the number of animals per dosage 
level and the ratio between levels both affect 
the fiducial range, often calculated as 1.96 
times the standard deviation of the LD5» 
(1.966 LD;,). 

This 1.960LD;, theorctically encompasses 
the values within which the LD;, would be 
expected to lie 19 times in 20 (if animals 
from the same colony of the same stock 
were dosed in an identical manner with the 
same chemical). As emphasized by Finney? 
although only one standard error (orc) 
may be assessable from a particular set of 
data, the “temptation to regard a percent- 
age effective dose estimated from one sam- 
ple of subjects, whether animal or human, 
as a ‘normal value’ typical of the species, 
must not be bolstered up with the argument 
from a standard error based on the internal 
variation of the sample.” In addition he 
states that the LD., + its o is not an esti- 
mate of a “normal value” for the species 
under test, but is necessarily only an indi- 
cation of what might be found in repeated 
tests of the same stock of this species under 
the same conditions of test in the same 
laboratory. 

The LD;, according to Finney, may have 
one standard error between determinations 
by one worker, another standard error be- 
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TABLE VII. 
RELATIONSHIP OF THE LOGARITHM OR ANTILOG OF THE STANDARD DEVIATION OF THE 
LD; 9 TO THE NUMBER OF ANIMALS DOSED PER LEVEL 


Logo For n Logo For n 
n 100 LDso 100 LDso Antilog or gm./kg. Basis 
Logs For n=10 Loge For n=5 of Col. 2 of Col. 3 
LDso LDso 

2 300 200 212 176 
3 212 141 152 126 
4 173 115 132 109 
5 150 100 121 100 
6 134 90 114 94 
7 122 82 109 90 
x 113 16 105 87 
9 106 71 102 85 
10 100 67 100 83 


tween workers using the same apparatus 
and stock of animals in one laboratory, and 
yet another between determinations in dif- 
ferent laboratories. Comparison of estimates 
obtained from several experiments by one 
worker, or in one laboratory will assess only 
the variations to be expected from day to 
day under those conditions and. will not be 
related to variations between laboratories 
or between different stocks of test subjects. 
However extensive the experimentation on 
one population, no statistical analysis can 
demonstrate the applicability of the con- 
clusions to a different population. 

With the foregoing in mind, a discussion 
of the effect of the number of animals 
dosed per level and of the ratio between 
levels of dosage on the standard error (or 
the 1.9606 LD;,.) will be presented. The 
formula for this calculation, using the 
method of moving averages as presented by 
Thompson? follows: 
log LD;, = d 


ry — 
-V(1-f)?-rs,¢r os +..... 
+1 a+] 


The r and s values are mortality and sur- 
vival numbers and may be assumed, for this 
consideration, to be constant ratios. For ex- 
ample, if four animals were dosed per level 
and 0 of 4, 0 of 4, 2 of 4, and 4 of 4 died on 
four successive levels, we assume that if 
eight were dosed on the same levels, 0 of 8, 
0 of 8, 4 of 8, and 8 of 8 would die. There- 
fore, using this assumption, the only vari- 
ables that remain are d—the logarithm of 
the ratio between dosage levels, and n— 
the number of animals dosed per level. 


Table VII indicates the relative size of the 
logarithm of oLD;,) if d is held constant 
and n is varied from two to 10. 

Viewing Table VII one may find addi- 
tional reasons for not using two or three 
animals per dosage level. However, the 
logarithm of the standard deviation of the 
LD;9 is only 50% higher using five ani- 
mals per level than it would be using 10 
while on the basis of antilog of these values 
the former is 21% higher than the latter 
(considering n = 10 to equal 100%). 

If n, on the other hand, is held constant 
for each of the successive dosage levels, 
and the mortality ratios are again as- 
sumed constant the value of 1.960LD;5, de- 
pends entirely on d. Therefore, if the ratio 
between dosage levels is 1.26 or 2.00, d 
would equal 0.1 or 0.30103 and the logarithm 
of oLD59 would be 3.0103 times as large in 
the latter case as in the former. To indicate 
the agreement of observation with theory 
in this assumption, the values obtained for 
the logarithms of the 1.960LD,,s on 74 
chemicals where animals were dosed at 
levels that differed by a factor of 1.26 or 
2.00 are presented in Table VIII. 

The mean ratio obtained by dividing the 
logarithm of 1.96c0LD,;,. using a ratio of 
2.00 by the logarithm obtained by using 
the ratio of 1.26 between dosage levels is 
2.45 for these 74 materials. Theoretically, it 
should be 3.0103. This is an appreciable de- 
viation from: theoretical, considering the 
size of the sample. The dispersion of the 
ratios is quite large as is indicated by a 
standard deviation of 1.22. Therefore, as 
the standard deviation is not accurately re- 
lated to the toxicity of a chemical and as 
the prime consideration in a single-dose 
toxicity study is the determination of the 
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TABLE VIII. 
STANDARD DEVIATION VALUES OF 74 CHEMICALS TESTED 
By UsING BoTH RATIOS OF 1.26 AND 2.00 
Log d (1.960 ) Log d (1.960 Log d (1.960 ) 
LDso LDso LDso 
d= 0.1 d = 0.30103 B/A d = 0.30103 B/A é= d = 0.30103 B/A 
A B A B 

0.03062 0.11800 3.85 0.06511 0.18658 2.87 0.07661 0.11800 1.54 
0.03920 0.11800 3.01 0.06511 0.19600 3.01 0.07661 0.14452 1.82 
0.03920 0.14452 3.69 0.06511 0.19600 3.01 0.07772 0.14452 1.86 
0.03920 0.14452 3.69 0.06198 0.11800 1.90 0.07772 0.11800 1.52 
0.03920 0.14452 3.69 0.06198 0.11800 1.90 0.08684 0.11800 1.36 
0.03920 0.14452 3.69 0.06198 0.11800 1.90 0.08684 0.11800 1.36 
0.03920 0.14452 3.69 0.06198 0.11800 1.90 0.08855 0.11800 1.33 
0.03920 0.16688 4.26 0.06198 0.14452 2.33 0.08855 0.14452 1.63 
0.03920 0.18658 4.76 0.06198 0.18658 3.01 0.09023 0.11800 1.31 
0.03920 0.18658 4.76 0.06198 0.18658 3.01 0.09023 0.11800 1.31 
0.04620 0.09219 2.00 0.06198 0.19600 3.16 0.09023 0.11800 1.31 
0.04801 0.11800 2.46 0.06198 0.40058 6.46 0.09023 0.14452 1.60 
0.04801 0.11800 2.46 0.06790 0.11800 1.74 0.09508 0.14452 1.52 
0.04801 0.14452 3.01 0.06790 0.11800 1.74 0.09508 0.18658 1.96 
0.04801 0.14452 3.01 0.06790 0.11800 1.74 0.10330 0.58306 5.64 
0.04801 0.15754 3.28 0.06790 0.14452 2.13 0.11394 0.15754 1.38 
0.04801 0.16688 3.48 0.06790 0.14452 2.13 0.11728 0.09219 0.79 
0.04801 0.19600 4.08 0.06790 0.16688 2.46 0.11728 0.16688 1.42 
0.05233 0.22807 4.36 0.06790 0.39539 5.82 0.12605 0.11800 0.94 
0.05544 0.11800 2.13 0.07576 0.11800 1.56 0.13134 0.11800 0.90 
0.06032 0.18658 3.09 0.07576 0.11800 1.56 0.13134 0.27161 2.07 
0.06198 0.14452 2.33 0.07576 0.14452 1.91 0.17920 0.23970 1.34 
0.06511 0.09219 1.42 0.07576 0.14452 1.91 0.19213 0.14452 0.75 
0.06511 0.11200 1.81 0.07576 0.14452 1.91 0.19369 0.11800 0.61 
0.06511 0.14452 2.22 0.07576 0.20673 2.65 


LD;9; the qualifications of number of ani- 
mals and ratio between dosage levels satis- 
factory to an LD;» calculation will suffice 
to give a reasonably accurate estimate of 
the LD;, and of its range. The assumption 
that the mortality ratios would be constant 
if different n’s or d’s were used is the crux 
of the discussion in the first part of this 
section. There is so much variation between 
animals being dosed, the techniques of vari- 
ous experimenters, the conditions at the 
time of dosing and other sources of error 
that the reduction in o by using the largest 
n and the smallest d that is practical is un- 
necessary. These sources of variations are 
the factors that largely determine the o. 


Method of Calculation of EDs or LDso 
UCH HAS BEEN written comparing vari- 
ous methods of calculation of the EDs». 
The moving-average method first proposed 
by Thompson’ allows one to calculate the 
LD; 9 by interpolation using four consecu- 
tive dosage levels (K = 3) without any as- 
sumption that the data fit or must be trans- 
formed to any type of curve. The LD;9 and 
its fiducial limit values obtained by this 
method agree very closely with those ob- 
tained by more complex and time-consuming 


methods such as the Bliss! calculation using 
probits (e.g., see Table II). Most of the 
simplifications of calculation proposed by 
others give a fair estimate of the mid-point 
but do not allow any estimation of the 
standard deviation. The time required to 
use these simplifications or to graph these 
data is still considerable compared to that 
necessary to calculate accurately the LD; 
and its o when the tables by Thompson and 
Weil* and Weil’ for the moving-average 
method are used. It is more reasonable to 
interpolate in this simple manner than to 
use one transformation or another to give 
an estimate based on the theoretical as- 
sumption that fhe transformation changed 
the dosage-mortality ratios of the small 
numbers of animals dosed to a certain form 
of a curve. The use of the probit method has 
another drawback in that fairly large num- 
bers of animals must be dosed on levels 
close to the LD;,) to obtain a yx? that indi- 
cates a suitable fit to the data. This means 
that by the method of probits one could 
not calculate an LD;, using five animals per 
dosage level that differed by a geometric 
factor of 2.0. 

Because of the ease of calculation of the 
LD; and its o using 2, 3, 4, 5, 6 and 10 ani- 
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mals per level by the use of tables of moving 
averages it becomes obvious that graphical 
or other approximate methods are hard to 
justify. 

It is unrealistic to estimate the ap- 
proximate value when a more accurate esti- 
mate can be calculated from the same data 
or by dosing only a few more animals. Using 
the method of moving averages with n = 
5, K =3 d = 0.30103, most of the time it 
is necessary to dose only 20 rats to deter- 
mine the LD-, for this species. If the cost 
of the animals justifies a reduction in this 
number, fewer animals per dosage level 
could be used (down ton = 2) and still the 
LD;, could be calculated statistically with 
useful accuracy. 


Summary 


HE FOLLOWING specifications are proposed 

for determination of the median-effective 
dose in a practical and economical test. 
These requirements were derived from data 
obtained in single dose oral and skin pene- 
tration studies made on hundreds of chem- 
icals over a period of years by the Mellon 
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Institute Chemical Hygiene Fellowship. 

1. Either four or five animals per dosage 
level may be used but keep the number 
constant for each of the successive levels 
that surround the eD5p». 

2. Four dosage levels separated by a geo- 
metric ratio of 2.0 are recommended. 

3. Use the tables by Weil® for the moving- 
average method of calculation of the eDgo. 

4. Either male or female animals may be 
used for single-dose toxicity tests as marked 
sex differences in reaction are seldom en- 
countered. 
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A Beryllium Case Registry 


MAN-MADE illness of considerable interest has been reported in the medical litera- 

ture in this country since 1943 under various titles, in general referring to its 
association with exposure to certain beryllium compounds. As the years go by, more 
cases continue to appear from a variety of industrial and research operations using 
beryllium compounds. With funds supplied by the Atomic Energy Commission, it is 
planned to develop a beryllium case registry at the Massachusetts General Hospital in 
Boston. The purpose is to enable a study of the epidemiology of this disease, an evalua- 
tion of the beryllium hazard of incriminated operations, and dissemination of knowl- 
edge of the clinical course of beryllium poisoning especially in relationship to its medi- 
cal management. The material collected is to be available for study and from time to time 
data will be sent to participating physicians summarizing facts that have been estab- 
lished. This description is published in the hope that physicians, roentgenologists, and 
pathologists, who have knowledge of cases of beryllium poisoning, will participate in 
making this beryllium case registry complete. Facilities and funds are available for 
prompt handling of any material that is submitted such as case records, x-rays, and 
tissue. It is planned to keep cases entered in the registry anonymous. Correspondence 


will be welcomed. 
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Ilnesses Among Workers Cleaning Condensing Tubes 


N THE DECEMBER 1952 issue of the AMER- 
ICAN INDUSTRIAL HYGIENE ASSOCIATION 
QUARTERLY, under “Industrial Hygiene 
Briefs,” there appeared a report on “Occu- 
pational Illnesses of Bacterial Origin.” This 
article was of considerable interest to us 
as we were called upon to investigate a 
similar condition in 1949, and arrived at 
conclusions different from those presented 
in the December issue of the QUARTERLY. 
We do not mean to dispute the findings of 
the author of this article but desire to call 
attention to another approach to a similar 
problem which led us to entirely different 
conclusions. 

In June, 1949, the Medical Director of a 
public utility company contacted the Vir- 
ginia Bureau of Industrial Hygiene for as- 
sistance in determining the cause of ill- 
nesses of the workers who cleaned the con- 
denser tubes in a large power generating 
station. The following is an excerpt from 
our report of this first conference: 

“The purpose of this conference was to 
discuss the operation at which employees 
worked when taken sick and to review the 
symptoms of their illnesses. The following 
facts were stated: All of the workers who 
had become ill had been cleaning the con- 
densers. Similar illnesses had occurred 
starting about one year previously, but 
until recently these illnesses had not been 
related to this operation. The cleaning of 
the condensers consisted of removing algae 
type growth which forms in the condenser 
tubes. Some sludge is occluded in the 
growth. The raw river water is pumped 
through the tubes for cooling purposes. 
The frequency of cleaning depends upon 
the condition of the river water. Prior to 
this visit, there had been a dry spell. Also, 
dredging operations were being carried on 
farther upstream. Early in May, 1949, five 
or six workers of the condenser cleaning 


*HuNTER, CHARLES A., PH.D., and ENSIGN, PAUL R., 
M.D.: An Epidemic of Diarrhea in a New-Born Nursery 
Caused by Pseudomonas Aeruginosa. Amer. J. of Pub. 
Health, 37:9, 1166-1169 (September) 1947. 


crew had become ill shortly after perform- 
ing this operation. On June 11, 1949, the 
next time the condenser was to be cleaned, 
the number of workers performing this 
operation was doubled so as to decrease the 
time of each one’s exposure. Although thirty 
minutes was the maximum time any one in- 
dividual was allowed to remain in the con- 
denser, approximately half of the workers 
became sick. It was noted that one worker 
was taken ill nearly every time he helped 
clean the condenser. No illnesses had oc- 
curred among the workers’ immediate fam- 
ilies either before or after their illnesses. 
At the conclusion of the conference, it was 
agreed that the Bureau of Industrial Hy- 
giene would be notified the next time the 
condenser was to be cleaned so that samples 
could be collected.” 

The Medical Director of this company in- 
formed us that it was becoming increasing- 
ly difficult to obtain workers for this job. 
The symptoms of the illness resembled an 
upper respiratory infection, and for the 
lack of a better diagnosis it was called a 
virus infection. The onset of the illnesses 
generally started three to 12 hours after ex- 
posure. All of the ill workers complained 
of metallic tastes in their mouths. Many of 
these persons also had gastrointestinal up- 
sets. Other symptoms were a feeling of 
malaise, difficulty in breathing, severe head- 
ache, diarrhea, chills, fever, and vomiting. 
These symptoms all subsided within 24 to 
72 hours after their onset. However, after 
the June 11, 1949 cleaning, one worker was 
hospitalized for two days. All of the ill 
workers were treated with penicillin and 
sulfa drugs which appeared to have no ef- 
fect on the recovery. 

The algae growth in the condenser re- 
stricted the flow of cooling water through 
the tubes. When the algae growth caused 
excessive resistance to the water flow as 
indicated by the increased loss of head, the 
decision was then made to remove the con- 
denser from the line to clean. Because of 
the heavy load on the power generating sta- 
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tion, the only time the operations could be 
curtailed was when the load was light. 
Such a period occurred weekly at about 
eleven o’clock Saturday night. The Bureau 
was notified on July 9, 1949, that the con- 
densers were to be cleaned the next night. 
Preparations were made to collect various 
samples which might be helpful in deter- 
mining the cause of illness. However, upon 
opening the entrance door of the condenser, 
it was noted that there was a very small 
amount of algae present. The increase in 
resistance through the condenser was caused 
by leaves, sticks, walnuts, and other debris 
which escaped through the screen at the 
water intake and interferred with the water 
flow through the tubes. Only one entrance 
door was opened and a fan was not used, al- 
though it was customary to use one to cir- 
culate air during the operation. It was ex- 
tremely warm and humid inside the con- 
denser. 

It should be mentioned that the stream 
from which the cooling water was obtained 
was heavily polluted, not only with domestic 
sewage, but also with industrial wastes. 
Up stream from the plant were located a 
number of communities which had no sew- 
age disposal plants. A number of different 
kinds of chemical plants were located a 
short distance upstream from the power 
generating station and a considerable 
amount of waste was discharged into the 
stream. 

Tests made inside the condenser revealed 
no significant concentration of combustible 
gases present. Tests for hydrogen sulphide 
were negative. Other atmospheric samples 
were collected for further tests in the lab- 
oratory and also a sample of the slime was 
scraped into a container for analysis. In 
searching through the literature, there ap- 
peared to be no record of any similar situa- 
tions. Results of the chemical analyses of 
the atmospheric samples showed the fol- 
lowing result: 


Oxygen 20.8% 
Carbon Dioxide 1% 
Carbon Monoxide Negligible 
Nitrogen 19.1% 
Arsine (as As) Trace 


Results of the analyses of the slime 
(algae) showed .23 milligrams arsenic (As) 
per pound of wet slime. It was rather dis- 
appointing that conditions found at the 
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time of the visit were not similar to those 
at the time the workers became ill. A few 
days after this visit a chlorinator was in- 
stalled to feed chlorine to the water prior 
to its flow into the condenser. The addition 
of chlorine eliminated the algae growth and 
subsequently the need for cleaning the con- 
denser tubes was unnecessary. 

Two weeks later, samples of algae 
growth were collected at and near the water 
intake. These samples which were from 
various places on the float and pillars, both 
above and below the water line, were an- 
alyzed for arsenic content. The concentra- 
tions were found to vary from three to six 
milligrams of arsenic per pound of wet ma- 
terial. In the International Labor Office, 
Vol. I of Occupation and Health, there is a 
description of a typical picture of arsine 
poisoning among the fishermen of Frisches 
Haff due to the gases given off by growths 
similar to algae. 

In the previous article in this: journal 
the author attributed similar illnesses to 
bacteria identified as ‘“‘pseudomonas aerugi- 
nosa.” However, it appeared doubtful if 
this could be the cause of the illnesses in 
this case. In discussing an epidemic of diar- 
rhea in a new-born nursery caused by pseu- 
domonas aeruginosa, Hunter and Ensign* 
stated that the period of incubation varied 
from one to seven days, commonly six, 
and that the sulfa drugs were most effective 
in treatment. In the case just reported in 
this article, the onset of the illnesses oc- 
curred three to 12 hours after exposure and 
the penicillin and sulfa drugs used had no 
apparent effect on the length or severity of 
the illnesses. In cases of illness where the 
onset occurs a few hours after exposure, 
it is logical to suspect that the causative 
agent is a material which is readily ab- 
sorbed in the body. Metal fumes, vapors 
and gases are readily absorbed into the 
bloodstream through the lungs, and symp- 
toms of acute toxicity usually appear sev- 
eral hours after exposure. 

Conditions in the condenser at the time 
of the investigation were so different from 
those existing when the workers were ac- 
tually cleaning algae from the tubes that 
definite conclusion could not be reached. 
Chemical examination of blood, urine and 
fecal samples would have been of little or 
no value at this time since no workers were 
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ill. However, it is possible to point to cer- 
tain facts which might be clues to these ill- 
nesses. Practically all of the symptoms of 
the ill individuals were very similar to 
those of persons exposed to volatile arsenic 
compounds. Since the solid material col- 
lected near the river water intake contained 
a significant amount of arsenic, it is possi- 
ble that a hazardous concentration of vola- 
tile arsenious compounds was formed in 
the condenser at the time the workers 
cleaned the tubes. It should be remembered 
that the temperature in the condenser at 
such times was considerably above 100° F. 
Even though in this instance the condenser 
tubes were relatively clean and only a small 
amount of algae was formed in the bulk- 
head, trace quantities of arsenic were 
formed in the bulkhead atmosphere. 

The evidence presented in the previous 
report in the Quarterly offered no substan- 
tiation that the illnesses were caused by 
bacteria identified as pseudomonas aerugi- 
nosa. Furthermore in this report evidence 
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that volatile arsenious compounds were the 
cause of these illnesses was not conclusive 
since the use of chlorine prevented further 
growth of algae in the condenser tubes but 
at least the circumstantial evidence ap- 
peared to indicate that these compounds 
were responsible. If such a situation again 
occurs, it is hoped that the investigators 
will collect and analyze the blood and urine 
specimens from the disabled workers as 
well as atmospheric samples of the exposure 
in order to either verify or disprove any 
of the previous opinions which have been 
presented. If it is suspected that a bacteria 
is the causative agent, a thorough bacter- 
iological study including examination of 
stool specimens should be done on all per- 
sons exposed. Pseudomonas aeruginosa 
could in all probability be isclated from the 
feces if these organisms were the cause of 
the disabilities. 
—Harry E. SEIFERT, Director 
Bureau of Industrial Hygiene 
Virginia State Department of Health 


Western Michigan Section 


HE WESTERN MICHIGAN Section held its fifth 

annual one-day conference in Grand 
Rapids on May 19. The morning session con- 
sisted of the following: “Industrial Illumina- 
tion,” WILLIAM A. STANNARD, Consumers Power 
Company; “Relation of Mental Health to In- 
dustrial Production,” HARRY C. YUDIN, Consult- 
ing Psychologist; and “Present Trends in 
Workmen’s Compensation,” WILLIAM A. PER- 
KINS, Alexander, Cholette, Perkins and Conk- 
lin. 

The speaker at the luncheon was PROF. 
JAMES HAYES, Michigan State College. 

A panel on pre-placement physical examina- 
tions was offered in the afternoon. Members of 
the panel were: Radiologist, ARTHUR J. JOI- 
STAD, M.D., Muskegon, Michigan; Plant Physi- 
cian, E. J. LAURETTE, M.D., Campbell, Wyant 
and Cannon Foundry Corporation; Safety 
Engineer, G. DEWEY REED, Lansing, Michigan, 
and representing management, ANDREW EHR- 
HARDT, Whirlpool Corporation. 

The final talk in the conference was given 
by JOHN C. SOET, Michigan Department of 


Health. He spoke on the subject, “New De- 
velopments in Case Histories in Industrial 
Hygiene.” 


Ohio Valley Section 


On MAY 28, the Ohio Valley Section met in 

Cincinnati. The program was devoted to 
papers concerning recent activities of the 
Bureau of Industrial Health of the Cincinnati 
Health Department. The following program 
was presented: “Investigation of a Source of 
Lead Exposure in a Ceramics Plant,” J. 
CHOLAK, Kettering Laboratory; “Planning and 
Development of a Health Program for a 
Small Manufacturing Plant,” DR. HARRY T. 
OVERBY, Weber Engineered Products; “Em- 
ployee Health Appraisal in an Automobile 
Dealer Agency,” R. E. SINGLE, Queen City 
Chevrolet; “An Unusual Health-Safety Hazard 
of Steel Riggers,” DR. JAMES P. HUGHES, Ket- 
tering Laboratory. 

DR. EDWARD F. BUYNISKI who served as the 
section’s representative at the Local Sections 
Council Luncheon reported on proceedings at 
the Los Angeles meeting. 
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Metropolitan New York Section 


R. A. G. CRANCH, Medical Consultant, Union 
Carbide and Carbon Corporation was the 
principal speaker at the May 11 meeting of 
the Metropolitan New York Section. He spoke 
on “Facts, Fallacies, and Fancies in Indus- 
trial Medicine.” DR. CRANCH presented some 
informal reminiscences of his experiences in 
over 45 years of practice in the field of indus- 
trial medicine. He discussed the changing 
problems and viewpoints which he has en- 
countered and presented illustrations in dem- 
onstrating his remarks. The following officers 
for the year 1953 were announced: 

Chairman: ROBERT P. GLEASON, Sylvania 
Electric Products, Ine.; Chairman-Elect: 
CLYDE M. BERRY, Esso Standard Oil Company; 
Sectretary-Treasurer: E. D. PALMES, Institute 
of Industrial Medicine, New York University. 


New England Section 


O* MAY 8, an all-day session of the New 

England Section was held at the U.S. 
Submarine Base at New London, Connecticut. 
The morning session opened with a welcom- 
ing address by CAPT. W. B. SIEGLAFF, USN, 
Commanding Officer, and continued with the 
following papers: “Recent Developments in 
Submarine Medicine,” CDR. DUFFNER, MC, USN, 
Officer in Charge, Medical Research Labora- 
tory, Submarine Base; “Inhalation of Sulfur 
Dioxide by Human Subjects,” DR. MARY AMDUR, 
Department of Industrial Hygiene, Harvard 
School of Public Health; “Radiation Damage 
from X-ray Apparatus,” DR. JAN LIEBEN, Bu- 
reau of Industrial Hygiene, Connecticut De- 
partment of Health; “Performance Character- 
istics of Reverse Jet Filters,” CHARLES E. 
BELLINGS, Air Cleaning Laboratory, Harvard 
School of Public Health; “The Industrial Hy- 
giene Program of the Navy,” LCDR. G. A. L. 
JOHNSON, MSC, USN. Preventive Medicine Di- 
vision, Bureau of Medicine and Surgery; “Re- 
lationship of Atomic Submarine Construction 
to Industrial Medicine,” DR. A. DUNCAN MAC- 
DOUGALL, Electric Boat Company; “Skin Pen- 
etration by the Diamines,” DR. J. WISTER MEIGS, 
DR. L. J. SCIARINI, and W. A. VAN SANDT, School 
of Public Health, Yale University. 

A tour of the Submarine Base occupied the 
entire afternoon and included guided tours 
through one of the famous submarines of 
World War II, a submarine rescue and saly- 
age ship, and inspections of midget submarines 
and other waterfront and base activities. A 
highlight of the tour was a demonstration in 
the 100 foot deep training tank of submarine 
escape methods by free ascent and by using 
the Momson lung. 


September, 1953 


The chairman of the meeting was DR. J. 
WISTER MEIGS of the Yale University School 
of Public Health. 


Gulf Coast Section 
T= GULF COAST Section met in Houston on 

June 5. The President announced that the 
Section is sending a subscription of the AIHA 
QUARTERLY to all of the leading universities 
and colleges in the area. 

HARVEY MOBLEY, Houston Industrial Hy- 
giene Department, discussed the chief indus- 
trial operations where carbon monoxide is 
present. He also discussed the methods of 
evaluating the hazard and gave his experi- 
ences in studying carbon monoxide exposures 
in various types of industry. 

DR. W. U. GIESSEL, Navigation Clinic, dis- 
cussed the physiological effects of carbon tetra- 
chloride. He described a recent case which 
occurred in a machine shop where the carbon 
tetrachloride exposure was from an additive 
to cutting oil. 

M. H. TIX spoke on planning and installing 
local exhaust ventilation. His talk was con- 
cluded with a film supplied by the American 
Air Filter Company. 


Michigan Section 

R. DONALD J. BIRMINGHAM, SR., Surgeon, 

Chief, Clinical Section, Division of Oc- 
cupational Health U.S.P.H.S., was the princi- 
pal speaker at the March 17 meeting of the 
Michigan Section. His subject was “Industrial 
Dermatitis” which covered aspects of recent 
developments in control methods. The results 
of the elections for 1953-54 were announced. 
The following were then installed as officers 
for the 1953-54 term: President: DON G. FOWL- 
ER, Michigan Department of Health; Presi- 
dent-Elect: MRS. KATHLEEN KUMLER, General 
Motors Research; Secretary-Treasurer: FERD 
J. CHMIELNICKI, Detrex Corporation. 


Chicago Section 
THE CHICAGO SECTION held its final meeting 
of the season on June 3. WARREN A. COOK 
delivered excerpts from his Cummings Memor- 
ial Lecture, “A Unique American Institution.” 
MR. COOK was presented with a barometer, 
thermometer, hygrometer from the Chicago 
Section as a token of appreciation of his work 
in Section affairs. MR. COOK assumed new 
duties at the University of Michigan in July. 
Officers for the year 1953-54 were presented: 
President: HOWARD N. SCHULZ, Abbott Lab- 
oratories; President-Elect: JOSEPH A. HUBATA, 
M.D., Armour and Company; _ Secretary- 
Treasurer: W. T. MCCORMICK, Inland Steel 
Company. 
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N THE back of this journal 

are listed the names of 
about 100 members who are 
serving on committees. Public 
listing is inadequate recogni- 
tion of the responsibility and 
the burden of committee mem- 
bership. From the beginning 
of the AIHA most of the work 
of the ASSOCIATION has been 
done by committees and there 
is no reason to expect the sit- 
uation to change. In recent 
years working technical com- 
mittees have become more numerous and 
committees intended to serve the organiza- 
tion or the members personally are now a 
smaller proportion of the total. 

There is much facetious comment upon 
the activity of committees. A committee is 
a group of people who, in three hours, can 
decide a question which any of its members 
could handle in five minutes. AIHA overcomes 
this admitted weakness of committees by 
seeing that the committees seldom meet, but 
that they conduct most of their business by 
mail. One man might be able to do every 
concrete thing that all our committees ac- 
complish but his efforts would not maintain 
the profession of industrial hygiene nor 
the ASSOCIATION. Shared decisions and 
group activity are necessary to create a 
professional attitude, sense of solidarity 
and of belonging to something. 

Under the By-Laws, committee members 
are appointed by the President and con- 
firmed by the Board of Directors. In prac- 
tice tentative appointments are made by the 
President-Elect a few months before he be- 
comes President. The list of appointments 
is mailed to the Directors well in advance 
of the annual April meeting and approval 
or objection is given by mail. In this way 
the president takes office at the annual 
meeting having confirmation of appoint- 
ment of the committees who will work with 
him, during his term of office. There is no 
hiatus in activity while he is struggling to 
organize his committees. 

Actually it is no struggle. Over 100 mem- 


bers must be contacted to de- 
termine their willingness to 
serve, but almost never does 
a member refuse. The problem 
is to find the capable energetic 
younger member who would 
like to serve but h-= never 
been asked. Of course the 
President knows the older 
member who has been active 
for years and is tempted to ask 
him to accept another commit- 
tee assignment. Efficiency may 
lie in keeping constant the 
personnel of successful committees, but de- 
velopment of interest and new ideas lies in 
always adding new members and retiring 
those who have served. It is a difficult prob- 
lem for the President-Elect to decide which 
members should be asked to serve on the 
various committees. 


LL THE committees are important to the 

ASSOCIATION and perhaps it will be possi- 
ble later to outline the work and responsibil- 
ities of each of them. Those listed in the 
QUARTERLY are considered standing com- 
mittees. 

From time to time temporary com- 
mittees are appointed for special tasks. 
Possibly the most important recent tempo- 
rary committee was the Committee on Com- 
mittee Activities. About three years ago it 
completed a document on the scope and 
functions of committees which is a useful 
guide for each newly appointed chairman. 

In order to spread the work of the ASso- 
CIATION, to increase interest. and to dissem- 
inate information it is desirable to enlist 
members with no history of committee ser- 
vice. There is no precedent for volunteering 
for committee service, but such a prece- 
dent ought to be established. 

Any member who is proud to belong to 
AMERICAN INDUSTRIAL HYGIENE ASSOCIA- 
TION and wants to be more active in its af- 
fairs should let the President-Elect know 
of his interest in becoming a committee 
member. —HENRY F. SMYTH, JR. 

President, AIHA 


the 


ENRY F. SMYTH, JR., AIHA President, will be 
the Association’s official representative 
at the First Scientific Meeting of the British 
Occupational Hygiene Society which will be 
held November 2 at the London School of 
Hygiene and Tropical Medicine. He is attend- 
ing at the invitation of the Board of Directors 
of the British Society. 


OBERT E. ECKARDT, M.D., Redfield Village, 

Metuchen, New Jersey, has been appointed 
an Associate Clinical Professor of Industrial 
Medicine at the New York University-Belle- 
vue Medical Center. DR. ECKARDT received his 
Ph.D. in bio-chemistry from Western Reserve 
University in 1940, and his M.D. from Western 
Reserve Medical School in 1943. He is the 
author of several papers dealing with car- 
cinogenesis. In addition to his duties as Direc- 
tor of the Medical Research Section, Standard 
Oil Development Company, DR. ECKARDT is a 
member of the American Medical Association, 
the Industrial Medical Association, the Indus- 
trial Hygiene Association, the New York 
Academy of Medicine and the Union County 
Medical Society. 


Moris B. JACOBS has been appointed Direc- 

tor of the Laboratory of Air Pollution 
Control, Department of Air Pollution Control, 
City of New York. DR. TACOBS was a member 
of the staff of the Department of Health of 
the City of New York for the past 25 years, 
his last assignment being that of Chief Or- 
ganic Chemist of the Bureau of Laboratories. 


ELVIN W. FIRST, Sc.D., has established his 

own offices as Consulting and Research 
Engineer at 123 Wiswall Road, Newton Centre 
59, Massachusetts. DR. FIRST, who has been as- 
sociated with the Air Cleaning Laboratory of 
the Harvard School of Public Health for the 
past several years and was formerly with the 
Detroit and Michigan Departments of Indus- 
trial Hygiene, will resume his industrial hy- 
giene engineering in addition to serving as 
consultant on problems pertaining to air and 
gas cleaning and atmospheric pollution con- 
trol. He also is a member of Industrial Hy- 
giene Associates, an enterprise which presents 
a complete and well-integrated industrial hy- 
giene service to small industries and casualty 
insurance carriers. His associates are SAMUEL 
LEVIN, health physicist and FREDERICK J. VILES, 
JR., industrial hygiene engineer and chemist, 
both of the Occupational Medical Service of 


the Massachusetts Institute of Technology and 
ALBERT 0. SEELER, M.D., industrial hygiene phy- 
sician on the staff of the Harvard Medical 
School. 


WARREN A. COOK, former Director, Division 

of Industrial Hygiene and Engineering 
Research, Zurich-American Insurance Com- 
panies, resigned July 1 to accept an appoint- 
ment as Associate Professor of Industrial 
Health and Hygiene in the School of Public 
Health, and Research Associate in the Insti- 
tute of Industrial Health at the University of 
Michigan, Ann Arbor. 


LOYD E. GORDON, who joined Zurich Insurance 
Companies in 1943 as an industrial hygiene 
engineer, and was made Assistant Director of 
the Division of Industrial Hygiene and En- 
gineering Research in 1951, became the Divi- 
sion’s new Director upon the resignation of 
Warren A. Cook, July 1. 


HERBERT E. STOKINGER of Cincinnati has been 

appointed liaison representative to the 
Committee on Allowable Concentration of Tox- 
ic Dusts and Gases of the American Standards 
Association. MR. STOKINGER, chief toxicologist 
of the Chief Occupational Health Field Head- 
quarters, U.S. Public Health Service in Cin- 
cinnati will have as his alternate, DR. W. CLARK 
COOPER, also associated with the Health Field 
Headquarters, as Medical Director. DR. COOPER 
is additionally an alternate member of the 
ASA’s Safety Standards Board. This ASA 
committee deals with the determination of the 
allowable concentrations limits of harmful 
substances such as gases, vapors, and fumes 
in the atmosphere of working places, from 
the viewpoint of occupational disease preven- 
tion. Up to the present time, this committee 
has approved the maximum allowable concen- 
trations for about 17 or 18 substances. The 
standards have been set up on the basis that 
an employee should be able to work in that 
concentration eight hours a day continuously, 
without harmful effects. The American Stand- 
ards Association is the national clearinghouse 
for voluntary engineering, industrial, safety 
and consumer standards. It is made up of 
more than 110 technical societies and trade 
associations and 2300 individual company 
members. The Association coordinates the 


standardization work of many national organi- 
zations to assure standards that have inter- 
industry recognition on a nationwide scale. 


Ind 


F 


> 


dez 

at 

Me 

Co 

ve 

cis 

A 

J 

H 

Ww 

| 


Industrial Hygiene Quarterly 


+ Obi fuaries 


OLONEL WESLEY C. COX, MC, USA, died in Rich- 

mond, Virginia, May 22, 1953, following 

a cerebral hemorrhage. At the time of his 

death Colonel Cox was Commanding Officer of 

the Army Environmental Health Laboratory 

at the Army Chemical Center, Edgewood, 
Maryland. He was on leave when stricken. 

Born in New York City, April 21, 1891, 
Colonel Cox graduated from Columbia Uni- 
versity (A.B., 1918) and the College of Physi- 
cians and Surgeons, New York (M.D., 1916). 
Subsequently he took graduate training at the 
Army Medical School, Washington, D.C., and 
Johns Hopkins University (Doctor of Public 
Health, 1940). 

Colonel Cox began his Army career in 1917 
when he joined the Medical Corps Reserve as 
First Lieutenant. The following year he was 
commissioned First Lieutenant in the Regular 
Army. During his 36 years of service he held 
posts as Chief of the Laboratory, Camp Jack- 
son, South Carolina; Epidemiologist, Fort Dix, 
New Jersey; Serologist and Chief, Laboratory, 
Eighth Corps Area; Chief, Laboratory and 
Medical Inspector, Fort Leavenworth, Kansas. 
Between other assignments he was bacteriolo- 
gist, serologist and instructor at the Army 
Medical School, Washington, D.C., and bac- 
teriologist and instructor, Walter Reed Gen- 
eral Hospital. 

A number of years of service were spent in 
the Panama Canal Department where he 


213 


began his first tour of duty as bacteriologist in 
1922. Leaving in 1925, he returned in 1939 to 
spend seven more years in the Canal Zone, 
first as medical inspector, then assistant de- 
partment surgeon and finally as surgeon. His 
other chief post outside the United States was 
as assistant surgeon, Headquarters Caribbean 
Command. In 1946 Colonel Cox was called to 
head up the Army Industrial Hygiene Labor- 
atory, now the Army Environmental Health 
Laboratory, and in 1948 was designated as 
Consultant to the Surgeon General on Occupa- 
tional Health and Hygiene, holding both posi- 
tions until the time of his death. 

Colonel Cox was a fellow of the American 
College of Physicians, the American Medical 
Association, American Public Health Asso- 
ciation and the American Geriatrics Associa- 
tion and was certified by the American Board 
of Preventive Medicine. He held memberships 
in the American Society of Tropical Medicine 
and Hygiene, Industrial Medical Association, 
American Industrial Hygiene Association and 
the Association of Military Surgeons. He was 
awarded the Legion of Merit by the Caribbean 
Defense Command, October 5, 1945, for his 
work on sanitation and disease control of that 
area, and the Army Commendation Ribbon on 
April 27, 1943, for his health education activi- 
ties in schools of the Canal Zone. In 1946 he 
was honored by the President of Panama with 
the Order of Vasco Nunez de Balboa, Grade of 
Commander. 

Memorial services in his honor were held 
in Fort Meyer chapel on May 27, 1953. He was 
buried in Arlington National Cemetery. 


|Nore: In the article by ALFRED N. SETTERLIND entitled, “Preparations of Known 
Concentrations of Gases and Vapors in Air” which appeared in the June, 1953 
issue of the AIHA Quarterly, Figs. 1 and 2 were transposed. The graph labeled 
Fig. 1 should have been Fig. 2 and the one labeled Fig. 2 should have been Fig. 1.] 


Houston Industrial Health Conference 


HE SIXTH INDUSTRIAL HEALTH CONFERENCE of Houston, Texas will be held at the 

Shamrock Hotel, October 1, 2 and 3, 1953. The name of the recipient of the Houston 
Chamber of Commerce award for the outstanding contribution to the field of industrial 
hygiene will be announced at the Conference. The organization award will also be pre- 
sented during the meeting. This award recognizes a company, foundation, or group, 
which has promoted industrial hygiene and health in the most noteworthy manner. The 
keynote address will be delivered by R. B. KAHLE, President, Eastern States Petroleum 
Company, Houston. Panel discussions will augment the talks of the many distinguished 
speakers at the conference. In addition to the above-mentioned sessions, the conference 
offers unofficial dinners, Shamburger parties and a tour down the ship channel aboard 


the Sam Houston. 
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AMERICAN INDUSTRIAL HYGIENE ASSOCIATION 
Officers, 1953-54 


Mellon Institute, 4400 Fifth Avenue 
Pittsburgh 138, Pennsylvania 

HERBERT T. WALWORTH President-Elect 
Lumbermens Mutual Casualty Company 
4750 Sheridan Road, Chicago 40, Illinois 

WILLIAM R. BRADLEY Past-President 
American Cyanamid Company 
30 Rockefeller Plaza, New York 20, New York 

FREDERICK S. MALLETTE Secretary 
American Society of Mechanical Engineers 
29 West 39th Street, New York 18, New York 

Aluminum Company of America 
Pittsburgh 19, Pennsylvania 

Mellon Institute, 4400 Fifth Avenue, 
Pittsburgh 18, Pennsylvania 


Board of Directors 


ANNA M. BAETJER, Sc.D. KARL Z. MorGan, Pu.D. 

The Johns Hopkins School of Hygiene Oak Ridge National Laboratory 
and Public Health KENNETH W. NELSON 

RoBERT E. EcKARpDT, M.D. American Smelting & Refining Company 
Standard Oil Development Company J. C. RADCLIFFE 

JAMES W. HAMMOND Ford Motor Company 
Humble Oil and Refining Company HERBERT E. STOKINGER, PH.D. 

W. G. HAZARD Division of Occupational Health, 
Owens-Illinois Glass Company U.S.P.H.S. 

FRANCIS R. HOLDEN, PH.D. JOSEPH F. TREON, PH.D. 
Stanford Research Institute Kettering Laboratory 

C. H. MEHAFFEY HERBERT J. WEBER 
Mine Safety Appliances Company American Brake Shoe Company 
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